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Gestures are defined as intentional movements that are interpretable by other individuals, 
used for the purpose of communicating meaning (Watson, Crais, Baranek, Dykstra, & Wilson, 
2013).  There has been much research surrounding the development of gestures and the 
association between gesture and language development; however, a limited number of studies 
have examined frequency of gesture use and the association between frequency of gesture use and 
language.   
The present study investigated the frequency of gesture use and the relationship between 
frequency of gesture use and language in 54 typically developing children between the ages of 9 
and 15 months.  A mean total frequency and frequencies of behavior regulation, social 
interaction, and joint attention gestures were identified.  Children were found to have lower 
frequencies of gesture use in unstructured settings when compared to structured settings and 
children in the 9-12 month age range had lower frequencies of gesture use than children in the 12-
15 month age range.  Additionally, in both age ranges, frequencies of specific types of gestures 
were found to explain significant proportions of variance in both receptive and expressive 
language scores.   
The results of this study provide fundamental knowledge pertaining to typical 
development and will aid in early detection of language delays.  Knowledge of the mean 
frequencies and the relationship between these frequencies and language abilities may now be 
used to gauge a young child’s current level of language functioning at an early age.  This will 
allow for early detection of language delays so children can obtain necessary early intervention 
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Language is defined as “a code whereby ideas about the world are represented 
through a conventional system of arbitrary signals for communication” (Bloom, 1988, 2).  
Language is made possible through the use of coded symbols that are used to refer to real 
things, concepts, and ideas (Reed, 2012).  These real things, concepts, and ideas are 
referred to as referents.  Prior to the 1960’s, researchers believed that these coded 
symbols only occurred in the form of words. The thinking of the time was that language 
exclusively embodied the use of spoken language (Goodwyn, Acredolo, & Brown, 2000).  
In 1963, Werner and Kaplan proposed a theory suggesting that this was not necessarily 
the case and that language development is evident prior to the use of verbalizations and 
encompasses more than the use of words.   
More specifically, Werner and Kaplan (1963) proposed that early labeling occurs 
prior to the use of words. They suggested that this was done with sensorimotor behaviors, 
more commonly referred to as gestures.  Gestures are defined as intentional movements 
that are interpretable by other individuals, used for the purpose of communicating 
meaning (Watson, Crais, Baranek, Dykstra, & Wilson, 2013).   Werner and Kaplan 
believed that sensorimotor behaviors were being used as symbolic vehicles and that this 
was the first observable instance of a child associating an object or action with a referent.    
Subsequently, many researchers began examining the development of gestures 
and the relationship between gesture and language.  It became apparent that children use 
many different types of gestures.  To identify and describe these different types of 




(Halliday, 1975), Dore’s Intentions (Dore, 1975), Performative Gestures (Bates, 1976), 
Coggins and Carpenter’s Communicative Intentions (Coggins & Carpenter, 1981), 
Bruner’s Functions (Bruner, 1981), and Symbolic Gestures (Goldin-Meadow & Feldman, 
1975, 1979; Acredolo & Goodwyn, 1985, 1988).  
The identification of different types of gestures and the ability to describe these 
different types of gestures with classification systems led to research investigating the 
development of these gestures and the association between gesture and language 
development. These are areas of research that are well documented and will be reviewed 
in depth in the background portion of this paper.  
Another area of interest relating to gestures is the frequency of gesture use.  Two 
previous studies have examined frequency of gesture use. Acredolo and Goodwyn (1988) 
examined the frequency of symbolic gestures and found that children use these types of 
gestures more frequently than was previously thought.  Wetherby, Cain, Yonclas, and 
Walker (1988) examined the frequency of communicative acts, a combination of 
gestures, verbalizations, and vocalizations, in children and found mean frequencies for 
the use of communicative acts at specific age ranges.   
Although these two studies have provided foundational knowledge of frequency of 
gesture use and communicative acts, there continues to be a need for further investigation 
in this area.  Frequencies of specific types of early gestures remain unknown and a link 
between frequency of gesture use and language has not been supported empirically. 
Additionally, knowledge related to the frequencies of different types of gestures and the 
link between frequency of gesture use and language can be used to identify possible 




Given the limited research available pertaining to frequency of gesture use, the 
purpose of the present study is to examine the frequency of gesture use and the 
relationship between frequency of gesture use and language in 9-15 month old typically 
developing children.  More specifically, the following research questions will be 
addressed:  
1. What is the average total frequency and frequency of different types of gestures 
for typically developing children 9-12 months of age? 
2. What is the average total frequency and frequency of different types of gestures 
for typically developing children 12-15 months of age? 
3. Is there a difference in total frequency of gesture use between typically 
developing children 9-12 and 12-15 months of age? 
4. Is there a difference in frequency of different types of gestures between typically 
developing children 9-12 and 12-15 months of age? 
5. Can receptive language and/or expressive language scores be predicted from total 
frequency of gesture use or frequency of different types of gestures used by 
typically developing children 9-12 months of age? 
6. Can receptive language and/or expressive language skills be predicted from total 
frequency of gesture use or frequency of different types of gestures used by 






The primary aim of this study is to investigate the frequencies of different types of 
gestures and the relationship between frequency of gesture use and language.  In doing 
so, fundamental knowledge will be gained relating to frequency of gesture use and the 
relationship between frequency of gesture use and language will be better understood.  In 
the field of speech and language pathology this information is important because it can be 
used to identify possible language delays and associated disorders at an earlier age than is 
currently possible.  This will allow for children to begin receiving necessary early 







 This paper is organized into ten chapters including this introductory section.  
Chapter One began with a brief introduction that provided a basic theoretical background, 
introduced the primary issues related to frequency of gesture use, and stated the purpose 
and research questions of the study.  Chapter Two will present background information 
related to the use of gestures.  This chapter will begin with a review of the theoretical 
basis underlying the fact that children use gestures for communicative purposes.   
Subsequently, I will review the literature related to the classification of gestures and the 
development of gestures.  Finally, there will be a literature review of frequency of gesture 
use and the relationship between frequency of gesture use and language.  This is the basis 
for this study as there is limited research on the frequency of different types of gestures 
and the link between frequency of gesture use and language.  
The purpose of the study is outlined in Chapter Three with specific research questions 
and associated hypotheses.  Chapter Four presents the methodology, which includes 
information related to experimental design, participants, collection of data, development 
of a coding system, and statistical analyses.  Results of the study are presented in 
Chapters Five through Nine.  The results were separated into different chapters due to the 
large volume of information to be presented.  Each chapter addresses a specific research 
question or combination of research questions.  Chapter Five presents results of 
frequency of gesture use in children 9-15 months of age.  This chapter answers the first 
two research questions with regard to average total frequency and frequency of different 
types of gestures in typically developing children 9-12 and 12-15 month of age.  Chapter 




versus unstructured setting.  Although this was not an original research question of the 
study, during data collection it was observed that differences exist in frequencies of 
gesture use across these settings.  Chapter Seven present results associated with the third 
and fourth research questions addressing the difference in total frequency and frequency 
of different types of gestures between children 9-12 months of age and children 12-15 
months of age.  This difference was examined because prior to 12 months of age, 
children have not yet developed the use of words.  Finally Chapters Eight and Nine 
address the fifth and sixth questions associated with the relationship between language 
and frequency of gesture use.  Chapter Eight specifically looks at children 9-12 months of 
age and Chapter Nine specifically looks at children 12-15 months of age. 
Chapter Ten of this research project evaluates the results obtained in Chapters Five 
through Nine.  This chapter is divided into two broad sections.  The first section discusses 
results of the frequencies of gesture use.   The results show that there is an average total 
frequency of gesture use and average frequencies of three different types of gestures 
examined in the present study.  Major differences were found between frequencies of 
examined gesture types dependent on structured and unstructured settings.  Additionally, 
significant differences were found between the 9-12 and 12-15 month age ranges with 
regard to frequencies of different types of gestures examined.  The second section 
discusses results of the association between frequency of gesture use and language.  
Findings indicate that specific frequencies of gestures are associated with both receptive 
and expressive language skills.  It should be noted here, that these findings are dependent 




study are provided at the end of this chapter as well as clinical implications and 











Prior to examining the current state of literature, a review of an important theory 
related to the association between gesture and language is necessary.  This theory marked 
the first time an association between gesture and language had been made.  Prior to this, 
it was believed that language development began with the production of words and that 
the only mode of transmitting language was through verbalizations.  The theory being 
referred to is that of Werner and Kaplan (1963).  This theory will be summarized in the 
current section. 
 Theoretical background. 
 Language is defined as “a code whereby ideas about the world are represented 
through a conventional system of arbitrary signals for communication” (Bloom, 1988, 2). 
The process of language is made possible through the use of coded symbols that refer to 
real things, concepts, or ideas. These real things, concepts, or ideas are commonly 
referred to as referents (Reed, 2012).  Symbols chosen to represent particular referents 
are completely arbitrary; however, to effectively communicate the meaning, the chosen 
symbol and associated referent must be mutually agreed upon and understood by 
members participating in an interaction. Symbols used to communicate meaning take on 
many different forms.  Examples of such forms include verbalizations, gestures, and 




Prior to the 1960’s the term language was used exclusively to refer to the use of 
spoken communication (Goodwyn et al., 2000). It was believed that the only coded 
symbol used for the purposes of language was words and that language development did 
not begin until a child had begun using words.  In 1963, Werner and Kaplan observed 
that children appear to use coded symbols to communicate meaning prior to the use of 
words and that these coded symbol convey meaning in the same manner as words.  More 
specifically, Werner and Kaplan suggested that good candidates for early labeling were 
sensorimotor behaviors, more commonly referred to as gestures.   They believed that 
sensorimotor behaviors were being used as symbolic vehicles and that the use of these 
symbolic vehicles was the first observable instance where a child associated an object or 
action with a referent.  
 Werner and Kaplan proposed that a child continues to use these sensorimotor 
behaviors as a primary mode of communication until a specific transition occurs.  Werner 
and Kaplan referred to this transition as decontextualization.  The term 
decontextualization was used to refer to a process that occurs in a developing child 
whereby the use of gestures is slowly replaced by the use of words as a child matures.  
The theory proposed by Werner and Kaplan in 1963 planted the seed for people to 
begin more closely thinking about and examining the use of gestures in infants and 
toddlers.  As researchers began to investigate gestures, many different types of gestures 
were identified, resulting the creation of classification systems to describe different 
gesture types.  Currently there are many classification systems available to identify and 




development of gestures and the association between gesture use and language.  This 







The theory proposed by Werner and Kaplan sparked the interest of many researchers 
interested in studying language development.  Subsequent to this theory, many people 
became interested in more closely examining the use of gestures.  It was observed that 
children use many different types of gestures.  In an effort to describe and investigate 
these different types of gestures in further detail, classification systems were created.   
This section provides information pertaining to gesture classification systems, 
associated terms and definitions, and puts the development of gesture classification in a 
historical context.  Over time, many different classification systems have been created. 
Here, information is presented pertaining to those classification systems that are 
historically relevant and those that are commonly used in the literature.  It should be 
noted here that the classification systems and terminology used to describe gestures can 
often be placed into two categories: 1) those describing the physical form of the gesture 
(e.g. pointing, reaching, clapping) and 2) those describing the function, intention, or 
purpose of a gesture (e.g. labeling, requesting, protesting).  For the purpose of the present 
study, information will be limited to later, those terms used to describe the function, 
intention, or purpose of the gesture.  
The classifications systems presented below include Halliday’s Functions (Halliday 
1975), Dore’s Intentions (Dore, 1975), Performative Gestures (Bates, 1976), Coggins 
and Carpenter’s Communicative Intentions (Coggins & Carpenter, 1981), Bruner’s 




1979; Acredolo & Goodwyn, 1985, 1988).  Each of these classification systems will be 
described in detail and the benefits and limitations associated with each will be discussed.   
Halliday’s functions. 
In 1975, Halliday observed that infants and toddlers between the ages of 9 and 16 
months use communication for a variety of purposes, or functions.  At this point in time, 
these different functions had yet to be identified or described.  Therefore, in 1975 one of 
the first systems used to classify the communication of infants and toddlers was 
introduced, Halliday’s Functions.   
Halliday’s Functions consist of seven specific functions used by infants and toddlers 
for the purpose of communication.  These specific functions are as follows: 1) 
instrumental, 2) regulatory, 3) interactional, 4) personal, 5) heuristic, 6) imaginative, and 
7) informative.  These functions emerge during a period of time when typically 
developing children have not yet acquired words or have very few words in their 
vocabulary and therefore are accomplished via nonverbal means, also known as gestures 













Halliday’s Functions and Corresponding Definitions (Halliday, 1975) 
Function Definition 
1. Instrumental:  To receive material needs, desires, objects, or assistance from 
others. 
 
2. Regulatory:  To control the behavior of others. 
 
3. Interactional:  To make interpersonal contact with others in environment by 
initiating and/or sustaining contact with other people. 
 
4. Personal:  To demonstrate awareness of self and express one’s own feelings 
and individuality. 
 
5. Heuristic:  To attempt to have environments or events in the environments 
explained. 
 
6. Imaginative:  To pretend or play act. 
 
7. Informative:  To communicate experiences or tell someone something. 
 
The Introduction of Halliday’s Functions was beneficial in many ways.  This 
classification system was monumental in the sense that this was one of the first instances 
of gestures being acknowledged to serve a communicative function.  Additionally, the 
introduction of this classification system caused people to begin thinking about and 
examining gestures in more detail than was previously possible.    
This classification system also presents with limitations.  Since the introduction of 
Halliday’s Functions, little research has been conducted pertaining to the development of 
these specific functions.  Additionally, the reliability of the use of Halliday’s Functions 
to identify and describe gestures has not been addressed. Therefore, subsequent to 
Halliday’s Functions, many additional classification systems were created to address 





The same year that Halliday introduced his seven functions (1975), Dore also 
observed that young children were using communication for a variety of different 
reasons.  Dore termed these reasons ‘intentions’ and defined them as ‘deliberate pursuits 
of a goal by means of instrumental behaviors subordinated to that goal’ (Dore, 1975, 36).  
In a communicative context these ‘intentions’ could be accomplished via verbal or 
gestural means.  
Dore identified nine specific intentions used by children between the ages of 12 and 
18-24 months.  These intentions were: 1) labeling, 2) answering, 3) requesting action, 4) 
requesting an answer, 5) calling/addressing, 6) greeting, 7) protesting, 8) 

















Dore’s Intentions and Corresponding Definitions (Dore, 1975) 
Intention Definition 
1. Labeling:  To name objects; no response expected. 
 
2. Answering:  To respond to adult’s requests. 
 
3. Requesting action:  To get adult to do something. 
 
4. Requesting an answer:  To get adult to respond to request verbally. 
 
5. Calling/addressing:  To address adult; to get adult’s attention. 
 
6. Greeting:  To acknowledge adult’s or object’s presence. 
 
7. Protesting:  To resist or deny adult’s action. 
 
8. Repeating/Imitating:  To model utterance after adult’s; no response expected. 
 
9. Practicing (language):  To rehearse language to self; no response expected. 
 
The benefits and limitations of Dore’s Intentions are nearly identical to those of  
Halliday’s Functions.  Both classification systems were among the first to acknowledge 
that gestures serve communicative functions.  Additionally, the introduction of these 
systems opened the door for others to begin thinking about and examining gestures in 
more detail.   Similar to Halliday’s Functions, little, if any, data is available pertaining to 
the development or reliability of use to identify and describe the gestures of Dore’s 
Intentions.  Additionally, Dore’s Intentions are meant to identify and describe the 
intention (both verbal and gestural) of ones communication and thus this classification 







Shortly after Halliday’s Functions and Dore’s Intentions were identified, Elizabeth 
Bates (1976) identified a subset of specific gestures that children use with the intention of 
controlling another individual’s behavior or directing another individual’s attention.  
Bates termed these gestures Performative Gestures, also known as Deictic Gestures. 
There are two types of Performative Gestures: 1) protoimperatives and 2) 
protodeclaratives.  Definitions of these gestures are presented in Table 3.  
Table 3 
Definitions of the Performative Gestures Identified by Elizabeth Bates (1976) 
Performative Definition 
1. Protoimperative: Gestures that are used to control the behavior of another 
person; have another person do or not do something. 
 
2. Protodeclarative Gestures used with the purpose of directing another’s 
attention to an object or an event in the environment with the 
purpose of sharing. 
 
As Halliday’s Functions and Dore’s Intentions, the Performative Gesture 
classification system presents with benefits and limitations. Protoimperative and 
protodeclarative gestures have been prominent in the literature since their identification 
and data is available pertaining to age of acquisition and developmental sequence. The 
Performative Gesture classification system is limited in the sense that it can only be used 
to identify a specific subset of gestures and not all gesture types.  For example, social 
interaction gestures (e.g. waving ‘hello’) cannot be captured using the Performative 




system(s) continued to be necessary in order to be able to identify a broader range of 
gestures.  
Coggins and Carpenter’s communicative intentions.  
By the 1980’s several different approaches were available for identifying and 
describing the communication and gesture use of young children.  These included, but 
were not limited to Halliday’s Functions, Dore’s Intentions, and Performative Gestures.  
As mentioned previously, many of these classification systems were beneficial, but they 
also presented with limitations.   
  In 1981, Coggins and Carpenter observed these limitations.  More specifically, 
Coggins and Carpenter (1981) noted that some classification systems identified a limited 
number of communicative behaviors, some insufficiently described identified behaviors, 
and many had little or no data supporting the reliability of their use or development of the 
specific behaviors identified (Coggins & Carpenter, 1981).   
Consequently, Coggins and Carpenter (1981) developed The Communicative 
Intention Inventory.  The Communicative Intention Inventory was designed to be used as 
a criterion-referenced measure of a child’s intentional communication prior to 24 months 
of age (Coggins & Carpenter, 1981).  The Communicative Intention Inventory identifies 
and classifies eight intentional communicative behaviors, Coggins and Carpenter’s 
Communciative Intentions, that were derived from the works of Bates (1976), Dore 
(1975), Greenfield and Smith (1976), and Halliday (1975).  
Coggins and Carpenter’s Communicative Intentions are separated into two groups: 1) 
those that function independently of conversational discourse and 2) those with a function 




Communicative Intentions can be accomplished via verbal and/or gestural means. Table 4 
presents Coggins and Carpenter’s Communciative Intentions, the group breakdowns for 






























Communicative intentions independent of conversational discourse 
 
1. Comment on action:  
 
Direction of the listener’s attention to so observable 
referent.  An intentional behavior that appears to call the 
listener’s attention to the movement of some object rather 
than the object per se. 
 
2. Comment on object:   
 
Direction of the listener’s attention to some observable 
referent.  An intentional behavior that appears to call the 
listener’s attention to some object identified by the child. 
 
3. Request for action:  Solicitation of services from a listener where a child 
awaits a response.  An intentional behavior that directs 
the listener to act upon some object in order to make the 
object move.  The child’s interest appears to be in the 
action of the object rather than the object per se. 
 
4. Request for object:  
 
Solicitation of services from a listener where child awaits 
a response.  An intentional behavior that directs the 
listener to provide some object for the child; the object is 
usually out of reach due to some physical or spatial 
barrier. 
 
5. Protesting:  
 
Expressing disapproval of the speaker’s action or 
utterance. 
 
Communicative intentions including a function in conversation 
 
1. Request for 
information: 
Solicitation of services from a listener where child awaits 
a response.  An intentional behavior that directs the 
listener to provide information about an object, action, or 
location. 
 
2. Answering: Responding to a request for information with the 
semantically appropriate data. 
 






The introduction of Coggins and Carpenter’s Communicative Intentions was very 
beneficial.  Since the introduction of Cogins and Carpenter’s Communicative Intentions, 
data has been made available pertaining to age of acquisition, development of these 
intentions, and the reliability of use of this classification system.  Additionally, use of 
Coggins and Carpenter’s Communicative Intentions allows for the identification of a 
broad spectrum of communicative behaviors, both verbal and gestural.  However, this can 
also be viewed as a limitation of this classification system.  It does not provide a means to 
delineate between verbal and gestural behaviors of children and, thus, cannot be used for 
identification and classification in circumstances where one is interested in gestures in 
isolation or verbalizations in isolation. 
Bruner’s functions. 
Many of the classification systems discussed thus far are used for the identification of 
communicative behaviors that span the prelinguistic (prior to words) and linguistic 
(subsequent to words) periods of development.  Up to the 1980’s, there was not a 
classification system available to identify and describe a broad range of communicative 
behaviors of children in the prelinguistic period of communicative development.  The 
same year that The Communicative Intention Inventory (Coggins & Carpenter, 1981) was 
published, Jerome Bruner (1981) filled this gap in the literature by describing three 
primary functions of prelinguistic communicative gestures developed in the first year of 
life.  For the purpose of this paper, these functions will be termed Bruner’s Functions. 
Bruner’s Functions can be used to identify and describe all functions of prelinguistic 




Functions are: 1) behavior regulation, 2) social interaction, and 3) joint attention.  
Bruner’s Functions are presented and defined in Table 5. 
Table 5 
Bruner’s Functions and Associated Definitions (Bruner, 1981) 
Function Definition 
1. Behavior regulation:  
 
Communicative acts used to regulate another individual’s 
behavior (e.g. request for objects, request for actions, and 
protesting). 
 
2. Social interaction:  
 
Communicative acts used to gain and/or maintain another 
individual’s attention (e.g. representational gestures, 
attention seeking gestures, and social routine gestures). 
 
3. Joint attention:  Communicative acts used to direct another persons 
attention to an object or an event (e.g. commenting and 
requesting gestures). 
  
Bruner’s Functions have proven very beneficial since their introduction.  This 
classification system provides a means to describe and classify a broad range of gestures 
and there is a large body of evidence, which continues to grow, surrounding the 
development and age of acquisition of these types of gestures.  Additionally, a criterion-
referenced measure, the Early Social Communication Scale (ESCS) (Mundy, Hogan, & 
Doehring, 1996) has been introduced that can be reliably used to identify and classify 
gestures according to Bruner’s Functions (the ESCS will be discussed in more detail in 
the method section).  
Symbolic gestures. 
The final classification system that will be discussed here is that of Symbolic Gestures 
developed by Acredolo and Goodwyn (1985).  This classification system was developed 




Goldin-Meadow and Feldman (1975, 1979). Characterizing gestures were defined as 
those used to describe and name objects and actions, such as flapping arms up and down 
to represent the object ‘bird’ (Acredolo & Goodwyn, 1985).  
Acredolo and Goodwyn (1985) defined Symbolic Gestures as “nonverbal gestures 
used to symbolically represent objects, events, desires, and conditions in order to 
communicate with those around them” (Acredolo & Goodwyn, 1988, p.450).  There are 
five specific types of Symbolic Gestures: 1) object gestures, 2) requests, 3) attributes, 4) 
replies, and 5) events.  These are presented and defined in Table 6.   
Table 6 
Symbolic Gestures and Associated Definitions (Acredolo & Goodwyn, 1988) 
Symbolic Gesture Definition 
1. Object gestures:  Gestures used to denote the presence of specific objects (e.g. 
arms out for ‘airplane’). 
 
2. Requests:  A nonverbal behavior that serves to indicate something the 
child wants or needs (e.g. smacking lips to indicate one wants 
food). 
 
3. Attributes:   Gestures used to describe an object(s) (e.g. hot and big). 
 
4. Replies:  Signs other than ‘yes’ and ‘no’ that are used by a child 
specifically in response to a question (e.g. shrugging 
shoulders to symbolize “I don’t know”). 
 
5. Events:  Signs other than ‘bye-bye’ that are used by a child to 
comment on a specific type of event (e.g. clapping hands in 
response to a baseball game). 
 
Acredolo and Goodwyn (1985, 1988) and Goldin-Meadow and Feldman (1975, 
1979) identified a specific type of gestures that had not yet previously been described.  




extremely important information to the gesture knowledge base.  Additionally, since the 
introduction of Symbolic Gestures, much research has been conducted surrounding 
development and age of acquisition of these gestures.  While there is much research 
regarding the development and age of acquisition of these gestures, there is not data 
available on the reliability of the use of this classification system to identify these specific 
types of gestures.  Additionally, like Performative Gestures, this classification system 
cannot be used to describe or classify all types of gestures and thus can only be used in 
specific circumstances.  
Summary 
In summary, subsequent to the theory proposed by Werner and Kaplan suggesting an 
association between gesture and language, many people became interested in more 
closely examining the use of gestures.  A means of identifying and describing gestures 
was not available leading to the creation of classification systems.  
 Over the years many different classification systems have been developed in order 
to identify and describe gestures.  Classification systems discussed here included: 
Halliday’s Functions (Halliday, 1975), Dore’s Intentions (Dore, 1975), Performative 
Gestures (Bates, 1976), Coggins and Carpenter’s Communicative Intentions (Coggins & 
Carpenter, 1981), Bruner’s Functions (Bruner, 1981), and Symbolic Gestures (Goldin-
Meadow & Feldman, 1945, 1979; Acredolo & Goodwyn, 1988).  Each one of these 
systems presents with benefits and limitations.  
 Halliday’s Functions and Dore’s Intentions were groundbreaking in the sense that 
they began the processes of closer examination of and description of gestures; however 




of these classification systems.  The Performative Gesture and Symbolic Gesture 
classification systems have been proven to be good systems to identify specific subsets of 
gesture used by children; however, they cannot be used if one is interested in 
identification and/or classification of all types of gestures. Bruner’s Functions and 
Coggins and Carpenters Communicative Intentions both provide a means to identify a 
broad spectrum of gestures; however Coggin’s and Carpenters Commuicative Intentions 
identify vocalizations in conjunction with gestures.  Bruner’s Functions and Coggins and 
Carpenter’s Communicative Intentions have both been the focus of much investigation 
and there is a large body of evidence surrounding the development, age of acquisition, 
and reliability of use of these classification systems.   
 All of the above systems present with benefits and limitations and each system 
has the potential to be used for the purpose of further investigations.  However, for the 
present study I will utilize Bruner’s Functions as the classification system to identify 
different types of gestures.  The reasoning behind this is twofold: 1) this classification 
system is commonly used in the literature and 2) the present study requires the use of a 
classification system that can identify a broad spectrum of gestures and only gestures, not 
a combination of gestures and vocalizations.  This will be discussed in further detail in 





Development of Intentionality and Gestures  
Introduction. 
As stated previously, the theory proposed by Werner and Kaplan (1963) sparked the 
interest of many individuals interested in child development.  Subsequent to this theory, 
many people became interested in more closely examining the use of gestures; however, 
means of identifying and describing this phenomenon were not available.  Consequently, 
classification systems were created to fill this gap in the knowledge base and provide 
means, not only to identify and describe gestures, but also to more closely examine their 
use.  Once classification systems became available, it was possible to more closely 
examine the development of gestures and the association between gesture and language 
proposed by Werner and Kaplan.   
This section of this paper provides information pertaining to the development and age 
of acquisition of intentional communication and gestures in typically developing 
children.  The development of intentional communication is included here because the 
development of intentionality pertains to gestures as the two are inherently intertwined.   
In accordance with the previous section, this section will focus on the development of 
gestures associated with the following classification systems: 1) Performative Gestures, 
2) Coggins and Carpenter’s Communicative Intentions, 3) Bruner’s Functions, and 4) 
Symbolic Gestures.  Halliday’s Functions and Dore’s Intentions are not discussed in this 
section as there is little data available pertaining to the age of acquisition and 






 Development of intentionality.  
From birth, humans engage in communication.  For example, a newborn infant 
will engage in sucking movements when hungry, which communicates to parents and/or 
caregivers that he or she is hungry.  What makes communication at this age different 
from that of an older child is that this form of communication is not intentional.  The 
newborn does not engage in the sucking movements with the intention to tell the adult 
that he or she was hungry; rather this is an automatic response to the sensation of hunger 
in which the adult is able to infer intention.   
In 1976, Elizabeth Bates defined three stages of intentionality development that 
occur between birth and 18 months of age.  These include the perlocutionary stage, the 
illocutionary stage, and the locutionary stage of development (Bates, 1976).  The 
perlocutionary stage occurs between the ages of 0 and 8 months. During this stage the 
infant has yet to acquire intentional communication and an adult and/or caregiver infers 
intentions on behalf of the infant. The illocutionary stage of development occurs between 
the ages of 8 and 12 months.  It is during this stage that the infant begins to first express 
intentionality.  One of the first observable characteristics of intentionality that occurs 
during this stage, is the use of gestures.  The final stage is the locutionary stage of 
development.  This stage occurs between the ages of 12 and 18 months and it is during 
this stage when an infant begins to express intentionality with words.  
Regarding the transition from non-intentional communication in the 
perlocutionary stage to intentional communication in the illocutionary stage, there are 
three clear ways in which an infant’s communication begins to change (Bates, Benigni, 




between the goal and the adult while he or she emits a signal such as babbling or 
gesturing.  Secondly, children begin to manipulate gestures to obtain change in an adult’s 
behavior towards their goal.  Last, but not least, children begin to use the same gesture 
form to regularly and clearly communicate with others in their environment.    
The transition from non-intentional communication to intentional communication 
occurs at approximately 9 months in typically developing children.   This transition is 
signaled by the expression of a small set of gestures used for the purpose of intentionally 
communicating to or with others (Goodwyn et al., 2000). The development of these 
gestures is summarized in the sections that follow. 
Development of gestures. 
Gestures are defined as intentional movements, which are interpretable by others, 
used for the purpose of communication (Watson et al., 2013).  As stated previously, the 
use of gestures first becomes apparent around 9-10 months of age (Bates et al., 1979) and 
is closely aligned with the development of intentional communication.  In the sections 
below development of the following types of gestures will be discussed: 1) Performative 
Gestures, 2) Coggin’s and Carpenters Communicative Intentions, 3) Bruner’s Functions, 
and 4) Symbolic Gestures. Halliday’s Functions and Dore’s Intentions are not discussed 
here because limited data available pertaining to the age of acquisition and development 
of these types of gestures.   
Performative gestures. 
Performative Gestures refer to a subset of specific gestures that children use with 




attention.  There are two main types of Performative Gestures, proimperatives and 
Protodeclaratives. 
 Research examining the developmental sequence of emergence of protoimperative 
and protodeclarative gestures has been contradictory (Crais, Douglas, & Campbell, 
2004).  For example, Bates et al. (1979) found that protodeclarative gestures emerge prior 
to protoimperative gestures.  These findings are supported by the findings of Carpenter, 
Nagel, and Tomasello (1998) who found that the mean age of emergence of 
protodeclarative gestures was 10.3 months and the mean age of emergence of 
protoimperative gestures was 12.7 months.  However, a study completed by Zinober and 
Martlew (1985) found that protoimperative gestures emerge prior to protodeclarative 
gestures.   
Current research is suggesting that Performative Gestures, protoimperative and 
protodeclarative gestures, emerge at the same time, around the age of 9-10 months and it 
is the physical form of these gestures that should be examined when attempting to 
determine a hierarchy (Perucchini & Camaioni, 1993; Crais et al., 2004).  However, the 
focus of this paper is on those classifications systems used to describe the function of 
gestures and thus the development of form will not be further discussed.    
Coggins and Carpenter’s communicative intentions. 
Carpenter, Mastergeorge, and Coggins (1983) examined the age of acquisition of 
Coggins and Carpenter’s Communicative Intentions in a longitudinal study following 
children from 8 to 15 months of age.  As a reminder, these intentions can be expressed 
with the use of verbalizations or gestures and include the following:  comment on action, 




information, answering, and acknowledging. The following median ages of acquisition 
were found in the study conducted by Carpenter and colleagues:  
1. Protesting: 8 months 
2. Request for action: 9 months 
3. Request for object: 9 months 
4. Comment on action: 9.5 months 
5. Comment on object 10.5 months 
6. Answering: 15 months 
7. Requests for information and acknowledging: these intentions were not observed 
in the sample, suggesting that these intentions develop subsequent to 15 months 
of age.  
Currently, it is believed that the following communicative intentions outlined by 
Coggins and Carpenter (1981) develop between 8 and 18 months of age: request for 
objects, requests for action, protesting, comment on action, and comment on object (Paul, 
2007).  Requests for information, acknowledgments, and answers serve a discourse-
oriented function and typically develop in the 18-24 month age range (Paul, 2007).  
Bruner’s functions. 
In 1981, Jerome Bruner identified three functions of prelinguistic communication.  
These included: 1) behavior regulation, 2) social interaction, and 3) joint attention.  
Since the identification of these functions, numerous studies have examined the 
development and age of acquisition of Bruner’s Functions.   
Research examining the development and age of acquisition of Bruner’s Functions 




prelinguistic communication of children 11-27 months of age and found that virtually all 
children used some communicative acts for each of Bruner’s three functions at all ages.  
Crais et al. (2004) found that behavior regulation and social interaction gestures emerge 
prior to joint attention gestures, at 9 months of age, and that children use behavior 
regulation, social interaction, and joint attention gestures by the age of 12 months.  
Similar to Performative Gestures, recently it has been suggested that Bruner’s Functions 
all emerge around the same relative age and it is the physical form of these gestures that 
should be examined when attempting to determine a hierarchy (e.g. reaching versus 
pointing for behavior regulation function). 
 Symbolic gestures. 
Symbolic Gestures are defined as “nonverbal gestures used to symbolically represent 
objects, events, desires, and conditions in order to communicate with those around them” 
(Acredolo & Goodwyn, 1988, p.450).    There are five types of symbolic gestures: object 
gestures, requests, attributes, replies, and events.  In a two-part study conducted in 1988, 
Acredolo and Goodwyn examined the development of the following Symbolic Gestures 
through parent report:  object gestures, requests, and attributes.  Replies and events were 
not examined as the frequencies of occurrence of these gesture types were rare in the 
sample.    Below is a summary of the mean age of onset of the Symbolic Gestures 
examined by Acredolo and Goodwyn: 
1. Request gestures: 14.16 months. 
2. Attributes: 15.27 months. 




This study also found that there was a significant tendency for the development of 
request gestures to precede the development of object gestures.  No significant 
differences were found in relation to the order of acquisition between request and 
attribute gestures or attribute and object gestures.   
 Summary. 
 In summary, the development of gestures is closely aligned with the development 
of intentionality.  The emergence of intentional communication is signaled by a child’s 
first use of gestures, a behavior that occurs in typically developing infants around the age 
of 9 months (Bates et al., 1979).  Between the age of 9 and 15-18 months, there is an 
emergence of many different types of gestures.  These include but are not limited to the 
use of Performative Gestures, Coggins and Carpenter’s Communicative Intentions, 
Bruner’s Functions, and Symbolic Gestures.   
More specifically, Performative Gestures, protoimperative and protodeclarative 
gestures appear to emerge at the same time, between 9-12 months of age, and it is the 
physical form of these gestures that needs to be examined when determining a hierarchy.  
Regarding Coggins and Carpenter’s Communicative Intentions, request for objects, 
requests for action, protesting, comment on action, and comment on object emerge 
between the ages of 8-18 months and requests for information, acknowledgments, and 
answers emerge between 18-24 months of age.  Regarding Bruner’s Functions, behavior 
regulation and social interaction gestures are the first types of gestures to emerge, around 
9 months of age, with children using all three types of gestures (behavior regulation, 
social interaction, and joint attention) by the age of 12 months.  Similar to Performative 




detail to determine a more precise hierarchy of development.  Finally, regarding Symbolic 
Gestures, children begin using request and attribute gestures between the ages of 14 and 
15 months and object gestures develop shortly thereafter.    
Although there are many different types of gestures and many different 
classification systems available to identify and describe these gestures, the majority of 
these gestures develop somewhere in the range of 9-15 months with a select few 
extending to the 18-24 month age range.  For this reason the target population of the 
present study will be children between the ages of 9-15 months.  Additionally, as stated 
previously, Bruner’s Functions will be utilized as the classification system for the present 
study because this classification system is commonly used in the literature and the 
present study requires the use of a classification system that can identify a broad 
spectrum of gestures and only gestures, not a combination of gestures and verbalizations.  
Current research is suggesting that two of Bruner’s Functions, behavior regulation and 
social interaction, emerge around the age of 9 months with children using all three types, 
behavior regulation, social interaction, and joint attention by 12 months of age.  
Utilizing a sample of children between the ages of 9 and 15 months should provide the 
investigator of the present study with the opportunity to observe and examine all of 





The Association Between Gesture and Language 
Introduction. 
 The previous sections discussed the theory presented by Werner and Kaplan in 
1963 suggesting that the use of language for communication begins prior to the use of 
verbalizations and that verbalizations are not the only symbolic vehicles through which 
humans convey meaning.  Subsequent to the presentation of this theory, many individuals 
became interested in gestures.  This interest brought about the creation of many 
classification systems and resulted in a large body of evidence pertaining to the age of 
acquisition and development of gestures.   
Werner and Kaplan’s theory also led researchers to begin thinking about and 
examining the relationship between the use of gestures and language.  While Werner and 
Kaplan’s theory proposed that there was a link between the use of gestures and language, 
this had not yet been supported empirically.   
This gap in the knowledge base has been acknowledged and the relationship 
between gesture and language has been an area of exploration and scientific examination 
since.  More specifically, the relationships between precursors to verbal language and 
gesture, receptive language and gesture, and expressive language and gesture have been 
explored.  In this section, the available knowledge base pertaining to these associations 
will be summarized. 
 Precursors to verbal language and gesture. 
Speech sound production is a precursor to the use of verbal language.  Between 6-
8 months of age, typically developing infants begin to engage in babbling, a precursor to 




production of consonant and vowel segments outside of a communicative framework.  
This occurs during the perlocutionary stage of intentional communication development.  
At this same time, an infant can be observed to be engaging in hand flapping and banging 
routines, precursors to the use of gestures (Ejiri & Masataka, 2001; Locke, 1994; Locke, 
Bekken, McMinn-Larson, & Wein, 1995; Masataka, 2001).   
Research examining non-typical populations has supported the link between 
canonical babbling, the repetition of consonant vowel combinations, and language.   
Delays in the emergence of canonical babbling of more than 2-3 months has been found 
to be significantly associated with delays in language, speech, and/or hearing at later ages 
(Oller, Eilers, Neal, & Cobo-Lewis, 1998).  Delays in hand flapping and banging routines 
have yet to be explored.  This is an area in need of further research as delays in this area 
also have the potential to be associated with speech and/or language delays and thus 
could be used as early indicators of abnormalities. 
Receptive language and gesture. 
Receptive language is defined as the ability to comprehend what is being 
communicated (Reed, 2012).  A direct association between receptive language and 
gestures has not been supported empirically; however, it is known that around 8-9 months 
of age, infants begin to comprehend their first words (Benedict, 1979; Reed, 2012) and 
around this same time typically developing infants will also begin to use their first 







Expressive language and gesture. 
Expressive language refers to an individual’s ability to use language to 
communicate with others in his or her environment.  While expressive language 
encompasses more than just the verbal expression of language, research focusing on the 
relationship between expressive language and gesture has primarily focused on verbal 
language.  
Around 12 months of age, typically developing infants begin to use their first 
words.  During this same developmental period, Symbolic Gestures, also known as 
recognitory gestures, emerge.  Research completed by Volterra, Bates, Benigni, 
Brethertin, and Camaioni (1979) and Shore, Bates, Bretherton, Beeghly, and O’Connell 
(1990) found that Symbolic Gestures and vocal naming emerge at relatively the same age.  
These studies also found that naming and gestures are positively correlated during this 
time period, a finding that has been supported by Acredolo and Goodwyn (1988).   
In addition to the correlation between Symbolic Gestures and first word use, the 
first gestures used and the first words spoken are very similar in content.  Bates and Dick 
(2002) identified correlations between Symbolic Gesture meaning and first word use in 
typically developing children between 12 and 18 months of age.  Subsequent to 18 
months of age, this relationship was found to weaken due to children utilizing words as 
the primary means of communication.   
Studies examining non-typical populations have further supported the relationship 
between first word use and Symbolic Gestures. Studies examining gesture use in children 




found that word production does not begin until Symbolic Gestures have appeared 
(Singer Harris, Bellugi, Bates, Jones, & Rosen, 1997; Happe & Frith, 1996).  
Additionally, children delayed in first word use and use of Symbolic Gestures have been 
found to be delayed in language in later stages of development (Thal, Bates, Goodman, & 
Jahn-Samilio, 1997).   
There is also support for a link between gesture use and expressive language at 
the single word stage.  Thal et al. (1997) found a link between gesture use and expressive 
language.  They concluded that symbolic and communicative gesture production at 8-9 
months of age contributed significant variance to later delays in expressive language.  
Additionally, early gestural productions have been found to be significantly delayed in 
late talking children (Thal & Bates, 1988; Thal & Tobias, 1994), children with focal brain 
injuries (Dall’Oglio, Bates, Volterra, & DiCapua, 1994), and children with Williams 
Syndrome and Down syndrome (Singer Harris et al., 1997).   
In addition to being related to the use of single words, gestures have also been 
found to be related to the use of word combinations.  Between 18 and 24 months of age, 
children begin to create their first word combinations. The emergence of first word 
combinations is slightly preceded by gesture-word combinations, such as pointing to a 
dog while naming a dog (Capirci, Iverson, Pizzuto, & Volterra, 1996) and co-occurs with 
gesture-gesture combinations (Iverson & Golden-Meadow, 1998; Shore, O’Connell, & 
Bates, 1984; Acredolo & Goodwyn (1985).   
As will be discussed in the next section, around the age of 18-24 months, a 
transition called decontextualization occurs.  At this age, the use of words becomes the 




use of words increases and the use of gestures decreases, the association between gesture 
and verbal language begins to weaken until it is eventually non-existent. 
Decontextualization. 
Decontextualization refers to the process of gestures being replaced by words as a 
child matures (Werner & Kaplan, 1963).  Discussion of decontextualization is important 
with regards to the association between gesture and language as this process appears to 
mark the end of the period of time during which gestures and language are associated and 
marks the end of the time period when gestures are used as the primary mode of 
communication.  Below is a summary of the literature pertaining to the process of 
decontextualization. 
In a longitudinal study of 16 infants, Acredolo and Goodwyn (1988) examined the 
relationship between the use of Symbolic Gestures and verbal development.   Parent 
report was used to collect data pertaining to gesture use in this study.  Results indicated 
that gestures produced by children continue to be used only until a comparable verbal 
label is developed (Acredolo & Goodwyn, 1988).  Once a verbal label is developed, the 
use of the gesture is no longer necessary.  
Bretherton, Bates, McNew, Shore, Williamson, and Beeghly-Smith (1981) 
demonstrated Werner and Kaplan’s notion of decontextualization to be valid as well.  In 
their longitudinal study, they found a significant decline in the production of gestures 
between 13 and 20 months of age.  This decline was felt to be due to the fact that as 
children acquire words for referents, they cease to use the gesture for that referent.  This 
study also found that the use of gestures dominates at 13 months of age and between the 




the significant increase in object labeling is decontextualization at 20 months of age. This 
transition is marked by the dominant form of communication shifting from the use of 
gestures to the use of words.  These findings have been supported by many authors since 
including, but not limited to, Iverson, Caprici, and Caselli (1994), Namy and Waxman 
(1998, 2002), Acredolo and Goodwyn (1985), and Woodward and Hoyne (1999). 
Summary. 
In summary, research has supported the association between gesture and language 
proposed by Werner and Kaplan in 1963.  Canonical babbling and hand flapping, which 
are precursors to language development and gestures respectively, emerge at relatively 
the same time, between 6-8 months.  Infants begin to comprehend their first words 
around the age of 9 months and it is at this same time when infants begin to use their first 
gestures.  Around 12 months of age, children begin to produce their first words.  At this 
same time, infants begin to use Symbolic Gestures, which are predictive of first word 
content and significantly correlated with vocabulary size.  Additionally, between the ages 
of 18 and 24 months, children begin to create their first word combinations.  This stage of 
development is coupled with the production of gesture plus gesture combinations.    
Subsequently, children go through a process called decontextualization in which 
gestures are replaced with words.  In typically developing children, it has been found that 
decontextualization occurs around 20 months (Bretherton et al., 1981; Iverson et al., 
1994, Namy & Waxman, 1998, 2002; Acredolo & Goodwyn, 1985; Woodward & Hoyne, 
1999).  This process is important with regards to the association between gesture and 
language because it marks the end of the developmental period where gestures dominate 




Understanding the association between gesture and language and understanding the 
process of decontextualization has significantly contributed to the knowledge base in 
regards to development of communication at a fundamental level.  It demonstrates that a 
child uses gestures for communication and then links that communication effort with 
words.  In relation to the present study, this information is important in that I will explore 
a specific aspect of the relationship between gestures and language, the relationship 
between frequency of gesture use and language.  This is an area that has not yet been 
explored and an understanding of this relationship will add to the gesture literature and 
has the potential to be used clinically in identification of language delays and associated 








Frequency of Gesture Use and Relationship Between Frequency of Gesture Use and 
Language 
Introduction.  
 Between the ages of 12 and 36 months, typically developing children experience 
an exponential increase in frequency of intentional verbal communication (Reed, 2012).  
During this time of development, frequency of intentional verbal communication is 
known to be significantly related to language skills (Paul, 2007; Reed, 2012).  As 
demonstrated in the previous section there is a known relationship between the use of 
gestures and the acquisition of language.  Given this relation, it is reasonable to 
hypothesize that the frequency of gesture use will also increase during this time period 
and that there will be an association between the frequency of gesture use and language 
skills.  However, there is relatively little research for this hypothesis.  In this section, the 
literature examining the frequency of gesture use and the association between the 
frequency of gesture use and language is summarized to aid in exploring this hypothesis 
that frequency of gesture use may be an important aspect of the development of 
communication.  
Frequency of gesture use. 
As you will recall from previous sections, Symbolic Gestures are “nonverbal 
gestures used to symbolically represent objects, events, desires, and conditions in order to 
communicate with those around them” (Acredolo & Goodwyn, 1988, p.450).  There are 
five types of Symbolic Gestures: 1) object gestures, 2) requests, 3) attributes, 4) replies, 





When the term Symbolic Gestures was first introduced, it was believed that these 
specific types of gestures were extremely rare.  In the first study known to examine the 
frequency of gesture use, Acredolo and Goodwyn (1988) examined the frequency of 
Symbolic Gesture use by interviewing 38 parents of children 17 months of age. Results of 
this study indicated that symbolic gestures were far from rare.   Outlined below are the 
specific frequencies obtained for each type of Symbolic Gesture: 
1. Object gestures: 1.68 occurrences per day 
2. Request gestures: 2.55 occurrences per day 
3. Attribute gestures: 2.39 occurrences per day 
4. Reply gestures: 2.17 occurrences per day. 
5. Event gestures: 0.50 occurrences per day. 
Another study to examine the frequency of gesture use, although not in isolation, was 
conducted by Wetherby et al. (1988).   This study examined the frequency of 
communicative acts in typically developing children 11-27 months in age.  It should be 
noted here that communicative acts are a measure of a combination of gestures, 
verbalizations, and vocalizations and not gestures in isolation.  Results of this study 
indicated that children in the prelinguistic stage of communication use approximately 1 
communicative act per minute, children in the one-word stage use about 2 
communicative acts per minute, and children in the multiword stage use about 5 







Relationship between frequency of gesture use and language. 
In addition to examining frequency of communicative acts, Wetherby et al. (1988) 
examined the relationship between frequency of communicative acts and verbal 
language.  It is important to mention again that this study did not focus on gestures in 
isolation, rather a combination of gestures, verbalizations, and vocalizations and 
therefore, results are not specifically related to the use of gestures.   
In this study, a significant positive correlation between measures of expressive 
language and rate of communicative acts were found during each stage examined, the 
prelinguistic stage, the one word stage, and the multiword stage.  The correlation between 
language and rate of communicative acts became weaker the closer the children neared 
the multiword stage.  This is the only study found to examine, to some extent, the 
relationship between the frequency of early childhood communication and language.   
Summary. 
In summary, there is a gap in the knowledge base surrounding frequency of 
gesture use and the association between frequency of gesture use and language.  Very 
little empirical evidence is available relating to the frequency of gesture use and the 
association between frequency of gesture use and language. The data that are available 
have been collected through parent report or are representative of a combination of 
verbalizations, vocalizations, and gestures, and not gestures in isolation.  As there is only 
one study that examined the relationship between frequency of early communicative acts 
and language, further research is required.  Specifically, further research is required to 1) 




association between frequency of gesture use and language so that frequency of gesture 
use can be used as a marker of language abilities clinically. 
 Another factor pertinent to this discussion is the link between the frequency of 
gesture use and language.  Between the ages of 12 and 36 months, typically developing 
children experience an exponential increase in frequency of intentional verbal 
communication (Reed, 2012).  Further, frequency of intentional verbal communication at 
this age is known to be significantly related to verbal language skills (Paul, 2007; Reed, 
2012).  Given the known relationship between development of gesture and language that 
has been discussed in previous sections, a reasonable hypothesis would be that the 
frequency of gesture use is also associated with the development of language.  The 
present study will examine this hypothesis in further detail and hopefully contribute 





Prior to the 1960’s the term language was used nearly exclusively to refer to the 
development and use of verbal, spoken language (Goodwyn et al., 2000).  In 1963, 
Werner and Kaplan proposed a theory suggesting that this was not necessarily the case 
and that language development is evident prior to the use of verbalizations and 
encompasses more than the use of spoken words for communication.   
This planted the seed for researchers to begin more closely thinking about and 
examining the use of gestures in infants and toddlers.  However, in order to do so, a 
means of identifying and describing different types of gestures was necessary.  This 
resulted in the creation of many classification systems including: Halliday’s Functions 
(Halliday 1975), Dore’s Intentions (Dore, 1975), Performative Gestures (Bates, 1976), 
Coggins and Carpenter’s Communicative Intentions (Coggins & Carpenter, 1981), 
Bruner’s Functions (Bruner, 1981), and Symbolic Gestures (Goldin-Meadow & Feldman, 
1975, 1979; Acredolo & Goodwyn, 1985, 1988).  With means of identifying and 
describing gestures available, researchers were then able to examine the development, 
age of acquisition, and association between gestures and language in more detail.  
It is now known that Performative Gestures and Bruner’s Functions emerge at the 
same time between 9-12 months of age, and it is the physical form of these gestures that 
needs to be examined when determining a hierarchy.  The majority of Coggins and 
Carpenter’s Communicative Intentions emerge between the ages of 8-18 months, with 
requests for information, acknowledgments, and answers emerging between 18-24 




Gestures, children begin using request and attribute gestures between the ages of 14 and 
15 months and object gestures develop shortly thereafter.    
Regarding the association between gesture and language, precursors to verbal 
language emerge around the same age as precursors to gestures, between 6-8 months.  
The development of Performative Gestures coincides with the comprehension of the first 
words and the development of Symbolic Gestures, coincides with the production of first 
words.  Additionally, combinations of gesture plus gesture and gesture plus vocalization 
emerge around the same time that children begin to combine 2 words in an utterance, 
between 18-24 months of age.  
It is around this age rage, 18-24 months, when the association between gesture and 
language declines.  This is due to the occurrence of a process called decontextualization 
during which time the primary mode of communication transitions from the use of 
gestures to the use of words.  Subsequent to this, the use of gestures significantly declines 
along with the relationship between gestures and language.  
Two areas associated with the use of gestures, which are not as fully understood, 
pertain to 1) the frequency of gesture use and 2) the relationship between the frequency 
of gesture use and language.  Between the ages of 12 and 36 months, typically 
developing children experience an exponential increase in frequency of intentional verbal 
communication and this increase is known to be significantly related to language skills.  
Given the known relationship between development of gesture and language, a 
reasonable hypothesis would be that the frequency of gesture use around this age would 
increase as well; and that frequency of gesture use will also be associated with language. 




base related to frequency of gesture use and determine if frequency of gesture use is 







Purpose and Research Questions 
 
The purpose of the current study is to investigate the frequency of gesture use and the 
relationship between the frequency of gesture use and language in typically developing 
children 9-15 months of age.  Understanding this relationship will provide clinicians and 
researchers with fundamental knowledge pertaining to typical development and has the 
potential to allow for identification of possible language delays and associated disorders 
at an early age. The following specific research questions will be addressed:  
1. What is the average total frequency and frequency of different types of gestures 
for typically developing children 9-12 months of age? 
2. What is the average total frequency and frequency of different types of gestures 
for typically developing children 12-15 months of age? 
3. Is there a difference in total frequency of gesture use between typically 
developing children 9-12 and 12-15 months of age? 
4. Is there a difference in frequency of different types of gestures between typically 
developing children 9-12 and 12-15 months of age? 
5. Can receptive and/or expressive language scores be predicted from total 
frequency of gesture use or frequency of different types of gestures used by 
typically developing children 9-12 months of age? 
6. Can receptive and/or expressive language scores be predicted from total 
frequency of gesture use or frequency of different types of gestures used by 




The findings of the study conducted by Wetherby et al. (1988) were utilized in 
forming hypotheses for the first two research questions associated with the average 
frequency of gesture use in children 9-12 and 12-15 months of age.  This study found that 
the frequency of intentional communication was different for children in the prelinguistic 
stage, the one word stage, and the multiword stage.  Therefore, it is hypothesized that the 
sample of children in each age range will present with unique total frequencies and 
frequencies of different types of gestures.  The exact average frequency or range of 
average frequency cannot be speculated at this point of time due to a limited availability 
of research pertaining to frequency of gesture use.    
Regarding the third and fourth research questions pertaining to the difference in 
overall frequency and frequency of different types of gestures, the findings of Wetherby 
et al. (1988) and Crais et al. (2004) were utilized in forming hypotheses.  As stated 
previously, Wetherby et al. (1988), found that there was a difference in frequency of 
intentional communication (verbal and gestural) between children in the preliguistic 
stage, the one word stage, and the multiword stage, with the frequency of intentional 
communication increasing at each stage.  Additionally, relating to the different types of 
gestures, Wetherby et al. (198) and Crais et al. (2004) both found that behavior 
regulation and social interaction gestures emerge prior to joint attention gestures, around 
9 months of age, and children use all three of Bruner’s Functions by the age of 12 
months.  Given this information, it is hypothesized that there will be a significant 
difference between 9-12 month and 12-15 month old participants in both the total 
frequency of gesture use and frequency of different types of gestures.  Additionally, it is 




frequency of gesture use and frequency of different types of gestures when compared to 
children in the 12-15 month age range. 
In forming hypotheses related to the fifth and six research questions addressing the 
relationship between receptive and expressive language and frequency of gesture use, 
findings of Wetherby et al. (1988) and Thal et al., (1997) were utilized.  In addition to 
examining frequency of communicative acts (both gestural and verbal), Wetherby et al. 
(1988) examined the relationship between frequency of communicative acts and 
language. This study found a significant positive correlation between measures of 
expressive language and rate of communicative acts during the prelinguistic stage, the 
one word stage, and the multiword stage.  Additionally, the study conducted by Thal et 
al. (1997) demonstrated a relationship between total gesture production and early and late 
talkers.  More specifically, this study found that early talkers use significantly more 
gestures than late talkers.  Specific links between gesture use and receptive language have 
not been examined.  Given this information, it is hypothesized that both the total 
frequency and the frequencies of the different types of gestures will be indicative of 
expressive language skills.  It is hypothesized that there will not be an association 
between total frequency and the frequencies of the different types of gestures and 
receptive language skills.  This is because the gestures are used to convey information to 











 A quantitative, descriptive, cross-sectional research design was used for the 
present study.  A cross-sectional research design was chosen as opposed to a longitudinal 
design as individual development with time was not a primary focus of this study. 
Participants 
 Recruitment. 
Permission was obtained from the University of Nevada, Reno’s Social and 
Behavioral Sciences Institutional Review Board (IRB) for recruitment (See Appendix A).  
Participants were recruited from the following sites in Reno, Sparks, Carson City, and 
Fallon: day cares, early learning centers, preschools, mother’s groups, and pediatric 
offices.  These locations were chosen as recruitment sites as parents and/or children 
within the targeted age range (9-15 month) frequent such establishments.  
 Directors, owners, and/or office managers of potential recruitment sites were 
contacted via telephone and a meeting was arranged to discuss the study and the 
possibility of recruiting participants from their place of business. The investigators then 
met with appropriate office personnel and consent was obtained to recruit from their 
facility (See Appendix B).  
Once consent was obtained, a recruitment flyer (see Appendix C) was either 




months by personnel in each facility.  The recruitment flyer had a brief description of the 
study and contact information of the investigators.   
Consent to participate.  
Families who agreed to allow their children to participate in the study contacted 
investigators via e-mail or telephone.  Investigators then described the purpose of the 
study, provided the parents with an information sheet (See Appendix D) that described 
the study in detail, discussed how the study would be conducted, and reviewed all 
potential risks and benefits prior to obtaining consent.   
If the parents agreed to participate, consent was obtained either in person or via e-
mail.  Parents were asked to sign and/or complete the following three documents: 1) 
consent for their child to participate (See Appendix E); 2) video consent (See Appendix 
F); and 3) a parent questionnaire (See Appendix G).  Once all three forms were 
completed, each participant was assigned a random four-digit code to protect the identity 
of the child.  
Inclusion criteria. 
Inclusion criteria for the present study were as follows: 
1. Participants must have been between the ages of 9-15 months. 
2. Participants must have not received any previous medical diagnosis associated 
with cognitive skills, gross motor or fine motor skills, hearing ability, vision, 
and/or speech and language. 




4. Participants must fall within normal limits on the following subtests of the Mullen 
Scales of Early Learning (Mullen’s) (Mullen, 1995): Gross Motor, Fine Motor, 
Visual Reception, Expressive Language, and Receptive Language. 
5. Participants must have passed their newborn hearing screening. 
 
 The rationale for selecting children between the ages of 9-15 months was two 
fold.  First, children typically begin to use gestures around the age of 9 months of age.  
Secondly, between the ages of 18-20 months a transition termed ‘decontextualization’ 
occurs, during which time the use of gestures as a primary mode of communication is 
replaced by the use of words as a primary mode of communication.  
The focus of the present study is on typically developing children therefore, the 
decision was made to exclude individuals who had previous interventions, previous 
specific diagnoses, and individuals who had not passed their newborn hearing screening 
was made.  Information pertaining to these three areas was obtained from the parent 
questionnaire.  To ensure that the target population obtained was typically developing, all 
participants were required to fall within normal limits on all subtests of the Mullen’s.  
Administration of the Mullen’s occurred during the first data collection session, which 
will be discussed further in the Stimulus Material section.  
Final sample. 
A total of 54 participants, 34 males and 20 females, between the age of 9 and 15 
months participated in this study.  Participants were divided into two groups.  These 
groups were: 1) children 9-12 months of age (n=33) and 2) children 12-15 months of age 




(CA) in months fell between 9.00 and 11.99 months.  Children were placed in the 12-15 
month age range if their CA in months fell between 12.00 and 14.99 months.  The 
reasoning behind dividing the sample into these age groups was twofold.  First, this 
allowed for examination of frequency of gesture use during the prelinguistic stage of 
development at 9-12 months and the single word stage of development at 12-15 months.  
Secondly, previous research has supported a difference in frequency of communicative 
acts measured, as a combination of gestures and verbalizations, at these age ranges and it 
was of interest whether this finding held true for gestures in isolation.   
 The following demographic information was collected through the use of the 
parent questionnaire: gender, race, and parent education.  Although not an area of focus 
of the present study, this demographic information was chosen as these three factors are 
known to be significantly related to language abilities in children.  The final sample 
contained a total of 20 males and 34 females.  Individuals from four different races were 
represented in our sample: Black, Hispanic, White, and Mixed race.  Additionally, 
parents of the children participating in the study represented a range of educational levels 
spanning from no high school diploma to beyond bachelors.  Information pertaining to 


















CA Mullen’s (M (SD)): 11.37 (1.78) 10.10 (0.76) 13.35 (0.83) 
CA Video (M (SD)): 11.59 (1.74) 10.35 (0.72) 13.53 (0.85) 
Gender (M, F): 20, 34 13, 20 7, 14 
Race    
• Black: 2 0 2 
• Hispanic: 5 4 1 
• White: 36 25 11 
• Mixed: 11 4 7 
Mother Education     
• Beyond Bachelors: 12 7 5 
• Bachelors: 19 14 5 
• Associates or some 
college: 
15 8 7 
• High School Diploma: 7 4 3 
• No High School 
diploma: 
1 0 1 
• Not reported: 0 0 0 
Father Education    
• Beyond Bachelors: 9 5 4 
• Bachelors: 9 7 2 
• Associates or some 
college: 
12 7 5 
• High School Diploma: 17 11 6 
• No High School 
diploma: 
4 2 2 
• Not reported: 3 1 2 






The mullen scales of early learning (Mullen’s) 
The Mullen’s (Mullen, 1995) (See Appendix H) is an individually administered 
comprehensive measure of cognitive and motor functioning for infants and preschool 
children from birth through 68 months of age.  This assessment was chosen as it is widely 
used for research purposes and it provides a standardized score. The function of the 
Mullen’s in this study was twofold: 1) to ensure that participants met inclusion criteria as 
defined by scores being within normal limits on all subtests and 2) to provide receptive 
and expressive language scores. 
The Mullen’s consists of five subtests: Visual Perception, Gross Motor, Fine 
Motor, Receptive Language, and Expressive Language.  Each subtest yields a raw score, 
which can then be transformed into a T-score and a percentile rank.  The raw score 
obtained on each subtest can also be used to calculate an age equivalent.   The mean T-
score on the Mullen’s is 50, with scores falling between 40 and 60 considered to be 
within normal limits.  Scores that fall above 60 are considered above average, whereas 
scores falling below 40 are considered below average.  See Table 8 for a summary of 











Summary of Mullen’s Subtests (Mullen, 1995) 
Subtest Description 




Assesses a child’s visual input decoding, oculomotor and 
visualmotor operations, visual discrimination, and visual 
memory. 
 




Subtest assesses a child’s understanding of verbal directions, 
auditory-spatial and auditory-quantitative concepts, memory for 




Assesses a child’s ability to express various concepts through the 
use of spoken language. 
 
In addition to each subtest, the Mullen’s provides an Early Learning Composite.  This 
score is representative of an average of the child’s performance on all subtests.  The 
Early Learning Composite is calculated by summing the T-Score’s obtained on the above 
five subtests. For the Early Learning Composite, the mean standard score is 100, with 
scores falling within the 85-115 range considered to be within normal limits.  Scores 
falling above 115 are considered to be ‘above average’, whereas those falling below 85 







Data collection took place in a quiet room at several venues dependent on parent 
preference.  These venues included the following: 1) the child’s home, 2) the child’s day 
care, preschool, or early learning center, or 3) the University of Nevada, Reno’s Speech 
and Hearing Clinic. All efforts were made to not interrupt the child’s daily routine and 
accommodate the needs of the parent(s) and/or caregiver(s). 
Data collection occurred across two separate sessions, which were conducted 
within one week of one another: 1) administration of the Mullen’s and 2) gesture 
sampling.  Both sessions lasted approximately 45 minutes to an hour.  The following 
individual(s) were present during each session: parent/caregiver, teacher, investigator, 
and/or a research assistant.   
Administration of the Mullen’s. 
The first session involved obtaining consent and administering the Mullen’s. The 
primary investigator, who is a licensed speech and language pathologist, administered all 
five subtests of the Mullen’s to all potential participants. If a participant obtained scores 
within normal limits on all five subtests of the Mullen’s a time was scheduled for the 
second session, gesture sampling, to be conducted.  If a participant obtained scores below 
normal limits on any of the subtests of the Mullen’s concerns were discussed with the 
parent or caregiver and the appropriate referral(s) was made.  Subsequent to assessment, 
parents were provided with a report outlining the results of testing (See Appendix I).   
Gesture sampling. 
The second session involved obtaining two 15-minute video recordings of the 




purpose was to obtain measures related to the type of gesture and frequency of gestures 
exhibited by participants.  During the video sessions, all children were presented with the 
same set of toys and the interactant was instructed not direct the behavior of the child, but 
respond in a natural manner.  Acceptable responses to the child’s behavior were as 
follows: commenting on what the child said or did, expanding on what the child said or 
did, and engaging in parallel play with the child.  
The procedure for gesture sampling was adapted from Wetherby et al, 1988 and 
consisted of obtaining two video recordings: a structured observation and an 
unstructured observation.  An unstructured interaction was obtained to observe the child 
in a naturalistic manner.  A structured interaction was obtained to ensure that all 
participants had equal opportunities to display the different types of gestures being 
examined.  
The first 15-minute video recording obtained consisted of an unstructured 
observation.  During this observation all children had access to the same set of toys, 
selected with the purpose of encouraging the use of gestures. The investigator or research 
assistant was required to present a minimum of five of seven available toys during the 15-
minute time frame. The available toys during this video recording included: 
1. A ball popper 
2. A book 
3. A pop tube  
4. A ball and hammer toy 
5. Bubbles 




7. A ball that makes noise 
The second video recording consisted of a structured observation.  During this 
time period, the clinician presented the child with a specific sequence of structured 
activities adapted from the Early Social Communication Scales (ESCS) (Mundy et al., 
1996) (see Appendix J).  The ESCS was designed to encourage the use of gestures falling 
into the following three categories, also known as Bruner’s Functions: behavior 
regulation, social interaction, and joint attention.  This sequence did not ‘elicit’ the use 
of gestures, but encouraged their use, and allowed investigators to observe whether they 
were present in the child’s repertoire or not.  The following activities were presented 
during the structured observation: 
1. 3 wind-up toys 
2. A clear jar with a lid 
3. 3 cause and effect toys (a light up turtle, a popping giraffe, and balloons) 
4. A ball or a car 
5. A book 
6. A hat 
7. A comb 
8. Sunglasses  
9. 2 songs 
10. 3 pictures/objects positioned around the room 
Video Editing.  
 Upon completion of gestural sampling, all video samples were edited to stop at 




second intervals were chosen to reduce human error. This allowed the coders to focus 
their attention solely on identifying gestures and eliminated the need to pause and restart 
the videos.  A time code was placed on each video to allow the coders to ensure that they 
were filling out the portion of the coding sheet associated with the appropriate time 
segment of video. All editing of videos was conducted at the University of Nevada, Reno, 
by IRB approved undergraduate Research Assistants.  Adobe Premire Pro CC video 
editing program was utilized to edit all videos.  See Appendix K for instructions provided 





Coding and Reliability 
Coding system. 
For the purposes of this study, gestures were defined as intentional motor 
movements, which are interpretable by others, used for the purpose of communication 
(Watson et al, 2013).  Eye contact and smiling occurring in isolation were not included in 
this definition for this study.   
A coding system was devised to extract data pertaining to frequency of gesture 
use and type of gestures.  This data was later used for statistical analysis. The same 
coding system was used for both the unstructured and the structured observations. This 
coding system was placed in a table format to tally data collection. See Appendix L for 
coding sheet.  
The coding sheet was divided into two sections to collect two different types of 
data: frequency data and type data. Frequency data identified how often gestures were 
used by the children. Type data identified the frequency of different types of gestures 
used by the children.  
To gather frequency data, the 30-second segments were used to tally the total 
number of gestures occurring in each segment.  To gather type data, each gesture 
identified was classified into one of four mutually exclusive categories: 1) behavior 
regulation, 2) social interaction, 3) joint attention, and 4) don’t know.  The first three 
categories were based on Bruner’s Functions.  Bruner’s Functions were used in this 
study for the following two reasons: 1) this classification system identifies a broad range 
of gestures and 2) this classification system can be used for exclusive identification of 




was included as a place for coders to record the type of gesture when they were unable to 
interpret the intention.  
Coding procedure. 
 Two undergraduate research assistants blind to the purpose of the study were 
chosen as coders.  The coders were trained on how to use the coding sheets with six 
videos of participants who did not meet inclusion criteria for the study. Once training was 
completed, the coders were provided with a password protected hard drive containing the 
edited videos randomly selected to be coded by each coder, an instruction sheet (see 
Appendix M), and multiple hard copies of the coding sheet. 
The coders watched each video twice: one time to tally frequency data and a 
second time to tally type data. Watching each video two times had the added benefit of 
allowing coders to double check their responses, further ensuring that that they had 
recorded the data accurately.  Subsequent to viewing each video twice, the coders 
checked their coding sheets to ensure that the number of gestures tallied in the first 
viewing matched the number of gestures tallied in the second viewing in each 30-second 
segment. If any discrepancies were found, the coders were instructed to re-watch that 
particular 30-second interval to identify errors and make corrections. 
Upon completion, the frequency data for each 30-second segment were summed 
resulting in a total gesture count.  The total gesture count was then divided by the 
duration of the video segment resulting in total frequency of gestures used per minute.  
Likewise, for the type data, the 30-second segments associated with each of the four 
mutually exclusive categories were summed.  This resulted in a total gesture count for 




don’t know.  The total gesture count for the behavior regulation, social interaction, and 
joint attention categories were then divided by the duration of the video resulting in 
frequency of behavior regulation, social interaction, and joint attention gestures.  A 
frequency for the don’t know category was not determined as only one percent of all 
gestures coded were placed into this category and this category was only included on the 
coding sheet as a means for coders to record gestures for which the intention could not be 
identified as one of the three gesture types. 
Reliability  
Twenty percent of the total sample was double coded to determine interrater 
reliability. Reliability was calculated for the following variables: 1) total frequency of 
gestures, 2) frequency of behavior regulation gestures, 3) frequency of social interaction 
gestures and 4) frequency of joint attention gestures.  Reliability was not calculated for 
the don’t know category as this category was not used during statistical analysis and was 
utilized when an individual coder could not identify the intention of a particular gesture 
and, thus, was based upon individual interpretation.  Additionally, only one percent of all 
gestures coded were placed into this category, specifically, 124 of 9,387 of the total 
number of gestures coded.  
Reliability was calculated using two measures: Pearson’s Product-Moment 
Correlation and Intraclass Correlation Coefficient (ICC).  Pearson’s Product Moment 
Correlation test is a procedure that can be used to determine the direction and the strength 
of a linear relationship between two continuous variables (Rovali, Barker, & Ponton, 




agreement between two or more raters or evaluation methods on the same set of 
participants (Rovali et al., 2013).  
Quantification of level of agreement was based on an interpretive guide provided 
by Rovali et al. (2013).  This is a guide that can be used to quantify the strength of 
statistically significant relationships.  Accordingly, correlations between 0 and +/-  .20 
are very weak, correlations between +/- .20 and +/- .40 are weak, correlations between 
+/- .40 and +/- .60 are moderate, correlations between +/- .60 and +/- .80 are strong, and 
correlations between +/- .80 and +/-1.00 are very strong. 
Using Pearson’s Product-Moment Correlation, the reliability between the two 
coders was found to be very strong for the total frequency (r=.97) and frequency of 
behavior regulation (r=.96) measures.  The reliability between the two coders for the 
frequency of social interaction gestures (r=.75) and the frequency of joint attention 
gestures (r=.74) measures were found to be strong. 
Using the following SPSS options ICC was calculated for variable reliability:  
mixed model ANOVA, type absolute agreement, and average measures.  The reliability 
between the two coders was found to be very strong for the total frequency of gesture use 
(ICC=0.99), frequency of behavior regulation gestures (ICC=0.97), and frequency of 
social interaction gestures (ICC=0.83) measures.  For the frequency of joint attention 
gesture ratings, the reliability between the coders was found to be strong (ICC=0.69).  
The decision to use two methods to determine reliability was made because the 
use of Pearson’s Product-Moment Correlation as a measure of reliability is sometimes 




The use of Intraclass Correlation Coefficient compensates for this limitation and confirms 
the reliability obtained using Pearson’s Product-Moment Correlation.   
The above data suggests that an adequate level of reliability was obtained between 
the two coders for all variables of interest.  Additionally, the measures of reliability 
obtained using Pearson’s Produce Moment Correlation test and ICC was very similar 
suggesting that, not only were the responses of the coders positively correlated, but they 







This section presents the statistical methods used to analyze the results obtained in the 
study.  This portion of the paper is divided into five sections to mirror the chapters 
associated with the Results.  These sections include:  1) frequency data, 2) structured and 
unstructured setting comparison, 3) group comparison, 4) the association between 
frequency of gesture use and language at 9-12 months, and 5) the association between 
frequency of gesture use and language at 12-15 months.  
Frequency data. 
The first two research questions were 1) what is the average total frequency and 
frequency of different types of gestures for typically developing children 9-12 months of 
age and 2) what is the average total frequency and frequency of different types of 
gestures for typically developing children 12-15 months of age.  Descriptive statistics 
were used to examine these questions.  The mean frequency, standard deviation, and 
range were calculated for the following variables: total frequency, frequency of behavior 
regulation gestures, frequency of social interaction gestures, and frequency of joint 
attention gestures.   
Structured and unstructured setting comparison. 
The difference in frequency of gesture use between the structured and 
unstructured settings was initially not an area of investigation for the present study.  
However, when collecting data, difference in frequency of gesture use between the 
structured and unstructured observations became apparent.   To rule out or confirm this 





A paired samples t-test, also known as a dependent t-test, is a procedure used to 
compare the mean scores obtained from two related (dependent) samples (Rovai et al., 
2013).  The key assumptions and requirements of a paired samples t-test include random 
selection of samples, use of interval or ratio measures, normality, and absence of outliers.  
Prior to conducting each paired samples t-test, data was assessed to insure that all 
appropriate assumptions and requirements were met.  Definitions and processes of 
assumption testing are outlined below: 
1. Samples:  Participants must be randomly selected to allow for generalization to 
the population. 
2. Variables:  Interval or ratio variables must be used. 
3. Normality:  The dependent variable must near normal approximation.  Normality 
was assessed by visual inspection of Quantile-Quantile plots (Q-Q plots).  Q-Q 
plots plot the quantiles of a variables distribution against the quantiles of a normal 
distribution (Rovai et al., 2013).  If the two sets come from a population with the 
same distribution, the points displayed will approximate the reference line that is 
depicted on the plot (Rovai et al., 2013). 
4. Outliers:  The presence of outliers can negatively affect the results of a paired 
samples t-test.  All variables were assessed for the presence of extreme outliers 
prior to running each analysis.  Extreme outliers are defined as “any data values 
that lie more than 3.0 times the Inter Quartile Range (IQR) below Quartile 1 (Q1) 







The third and fourth research questions were: 1) is there a difference in total 
frequency of gesture use between typically developing children 9-12 and 12-15 months of 
age and 2) is there a difference in frequency of different types of gestures between 
typically developing children 9-12 and 12-15 months of age.  To answer these questions a 
series of independent t-tests were performed using the computer program SPSS. 
An independent t-test, also known as a student’s t-test, is a procedure used to assess 
whether the means of two independent groups are statistically different from each other 
(Rovai et al., 2013).   The key assumptions and requirements for an independent t-test 
include random selection of samples, use of a continuous dependent variable and a 
categorical independent variable with two categories, independence, normality, 
homogeneity of variance, and absence of outliers.  Prior to conducting each independent 
t-test, data were assessed to insure that all appropriate assumptions and requirements 
were met.  Definitions and processes associated with assumption testing are outlined 
below. 
1. Samples:  Participants must be randomly selected to allow for generalization to 
the population. 
2. Variables:  The dependent variable must be continuous (interval/ratio scale) and 




3. Independence:  Each sample must contain a different set of cases and the 
composition of one sample must not be influenced by the composition of the 
other sample (Rovai et al, 2013). 
4. Normality: The dependent variable must be normally distributed.  Normality was 
assessed by visual inspection of Quantile-Quantile plots (Q-Q plots).  Q-Q plots 
plot the quantiles of a variables distribution against the quantiles of a normal 
distribution (Rovai et al., 2013).  If the two sets come from a population with the 
same distribution, the points displayed will approximate the reference line that is 
depicted on the plot (Rovai et al., 2013). 
5. Homogeneity of Variance:  Homogeneity of variance is the assumption that two 
or more groups have similar or equal variance (Rovai et al., 2013).  This 
assumption states that the variability in the dependent variable is expected to be 
approximately the same as the variance at all levels of the independent variable.  
Homogeneity of variance was assessed by using Levene’s test.  If the data 
satisfies the assumption of homogeneity of variance, the significance level of 
Levene’s test should not be significant (p>0.05) (Rovai et al., 2013).  If the data 
does not satisfy the assumption of homogeneity of variance, Levene’s test will 
be significant (p<0.05) (Rovai et al., 2013).   
6. Outliers:  Outliers can negatively affect the results of an independent t-test.  All 
variables were assessed for the presence of extreme outliers prior to running each 
analysis.  Extreme outliers are defined as “any data values that lie more than 3.0 
times the Inter Quartile Range (IQR) below Quartile 1 (Q1) or above Quartile 




Frequency and language association at 9-12 months. 
 The fifth research question was: can receptive language and/or expressive 
language scores be predicted from total frequency of gestures used or frequency of 
different types of gestures used in children 9-12 months of age.  To answer this question 
a series of simple linear regressions and multiple regressions were utilized. 
 A simple linear regression is a procedure that is used to predict individual scores 
of a continuous dependent variable based on scores of a continuous independent variable 
(Rovai et al., 2013).  The key assumptions and requirements for a simple linear 
regression include random selection of samples, absence of extreme outliers, normality, 
homoscedasticity, and homogeneity of variance.  Prior to conducting each simple linear 
regression, data was assessed to insure that all appropriate assumptions and requirements 
were met.  Definitions and processes associated with assumption testing are outlined 
below. 
1. Samples: Samples must be randomly selected. 
2. Outliers: Absence of extreme outliers.  Extreme outliers are defined as “any data 
values that lay more than 3.0 times the IQR below Q1 or above Q3” (Rovai et al., 
2013).   
3. Normality: Both variables should have an underlying distribution that is bivariate 
normal (symmetric elliptical pattern) (Rovai et al., 2013).  Normality was 
assessed by visually inspection of the histogram, P-P plot, and the scatterplot of 
standardized residuals. 
4. Homoscedasticity: Homoscedasticity refers to the variability in scores for one 




was assessed by visual inspection of the scatterplot of standardized residuals.  If 
homoscedasticity assumption is satisfied, residuals vary randomly around zero 
and the spread of residuals is about the same throughout the plot (Rovai et al., 
2013). 
A multiple linear regression is a procedure used to determine the relationship between 
a single continuous dependent variable and multiple continuous independent variables.  
The key assumptions and requirements for a multiple linear regression are the same as 
those for a simple linear regression with the addition of multicollinearity.  Prior to 
conducting each multiple linear regression, all data was assessed to ensure that all 
assumptions and requirements had been met.  The assumptions and requirements of 
multiple linear regressions are summarized below:  
1. Multicollinearity: Multicollinearity occurs when variables are highly correlated.  
Absence of multicollinearity is an important assumption of multiple linear 
regressions.  Multicollinearity was detected by interpretation of the tolerance, 
variance inflation factor, and condition index.  Tolerance values of <0.01, 
variance inflation factors of >5, and condition index of >30 indicate the presence 
of multicollinearity. 
2. Samples: Samples must be randomly selected. 
3. Outliers: Absence of extreme outliers.  Extreme outliers are defined as “any data 
values that lay more than 3.0 times the IQR below Q1 or above Q3” (Rovai et al., 
2013).   
4. Normality: Both variables should have an underlying distribution that is bivariate 




assessed by visually inspection of the histogram, P-P plot, and the scatterplot of 
standardized residuals. 
5. Homoscedasticity: Homoscedasticity refers to the variability in scores for one 
variable being roughly the same as the variability in the other.  Homoscedasticity 
was assessed by visual inspection of the scatterplot of standardized residuals.  If 
homoscedasticity assumption is satisfied, residuals vary randomly around zero 
and the spread of residuals is about the same throughout the plot (Rovai et al., 
2013). 
Frequency and language association: 12-15 months 
The sixth research question was: can receptive language and/or expressive language 
skills be predicted from total frequency of gesture use or frequency of different types of 
gestures used in children 12-15 months of age?  To answer this question a series of 
simple linear regressions and multiple regressions were utilized.  These types of 
statistical analyses were previously described in the ‘Frequency and language association 








This chapter presents results relating to the following research questions:  
1) What is the average total frequency and frequency of different types of 
gestures for typically developing children 9-12 months of age 
2) What is the average total frequency and frequency of different types of 
gestures for typically developing children 12-15 months of age?   
To answer these questions, descriptive statistics were used.  The mean frequency, 
standard deviation, and range were calculated for the following variables: total frequency, 
frequency of behavior regulation gestures, frequency of social interaction gestures, and 
frequency of joint attention gestures.  For organizational purposes data is presented in 
two sections: 1) total frequency and 2) frequency of behavior regulation, social 






In the 9-12 month age range, the mean total frequency of gestures used was 1.82 
gestures per minute in the unstructured setting (SD=1.01, range=0.30-4.53) and 3.41 
gestures per minute in the structured setting (SD=1.32, range=1.11-7.50).  In the 12-15 
month age range, the mean total frequency of gestures used was 2.43 gestures per minute 
in the unstructured setting (SD=1.20, range=0.67-4.93) and 4.35 gestures per minute in 
the structured setting (SD=1.66, range=2.13-6.96).  These results are summarized in 
Table 9. 
Table 9 
Descriptive Statistics For Total Frequency of Gesture  
 9-12 months (n=33) 12-15 months (n=21) 
 Unstructured Structured Unstructured Structured 
Mean 1.82 3.41 2.43 4.35 
St Dev 1.01 1.32 1.20 1.66 
Range 0.30-4.53 1.11-7.50 0.67-4.93 2.13-6.96 





Frequencies of Different Types of Gestures 
In the 9-12 month age range, the mean frequency of behavior regulation gestures 
was 1.17 gestures per minute in the unstructured setting (SD=0.92, range=0.20-2.60) and 
2.42 gestures per minute in the structured setting (SD=0.89, range=0.60-4.47).  The mean 
frequency of social interaction gestures was 0.27 gestures per minute in the unstructured 
setting (SD=0.47, range=0-2.40) and 0.49 gestures per minute in the structured setting 
(SD=0.31, range=0.04-1.27).  The mean frequency of joint attention gestures was 0.36 
gestures per minute in the unstructured setting (SD=0.33, range=0-1.20) and 0.44 
gestures per minute in the structured setting (SD=0.41, range=0-2.10). These results are 
summarized in Table 10. 
In the 12-15 month age range, the mean frequency of behavior regulation 
gestures was 1.67 gestures per minute in the unstructured setting (SD=0.92, range=0.33-
3.40) and 2.82 gestures per minute in the structured setting (SD=1.00, range=1.20-5.23).  
The mean frequency of social interaction gestures was 0.34 gestures per minute in the 
unstructured setting (SD=0.30, range=0-0.93) and 0.67 gestures per minute in the 
structured setting (SD=0.41, range=0.11-1.53).  The mean frequency of joint attention 
gestures was 0.41 gestures per minute in the unstructured setting (SD=0.25, range=0-
0.93) and 0.61 gestures per minute in the structured setting (SD=0.38, range=0-1.60).  







Descriptive Statistics for Frequency of Behavior Regulation, Social Interaction, and Joint 
Attention Gestures 
 9-12 months (n=33) 12-15 months (n=21) 
 Unstructured Structured Unstructured Structured 
Behavior Regulation    
Mean 1.17 2.42 1.67 2.82 
St Dev 0.64 0.89 0.92 1.00 
Range 0.2-2.6 0.60-4.47 0.33-3.40 1.20-5.23 
Social Interaction    
Mean 0.27 0.49 0.34 0.67 
St Dev 0.47 0.31 0.30 0.41 
Range 0-2.40 0.04-1.27 0-0.93 0.11-1.53 
Joint Attention     
Mean 0.36 0.44 0.41 0.61 
St Dev 0.33 0.41 0.25 0.38 
Range 0-1.20 0-2.10 0-0.93 0-1.60 






This section presented results related to the following research questions: 1) what 
is the average total frequency and frequency of different types of gestures for typically 
developing children 9-12 months of age and 2) what is the average total frequency and 
frequency of different types of gestures for typically developing children 12-15 months of 
age.   The mean frequency, standard deviation, and range for the following variables are 
presented in Tables 9 and 10: total frequency, frequency of behavior regulation gestures, 
frequency of social interaction gestures, and frequency of joint attention gestures.  This 
information has not been established previously in the literature. 
As can be seen in Tables 9 and 10, children in the 9-12 month age range appear to 
have lower total frequencies and lower frequencies of behavior regulation, social 
interaction, and joint attention gestures than children in the 12-15 month age range.  
Additionally, frequencies obtained in the unstructured setting appear to be lower than 
those obtained in a structured setting.  These two observations will be investigated 








Structured and Unstructured Setting Comparison Results 
Introduction 
Although not an original question of the present study, the difference in frequency of 
gesture use between a structured setting and an unstructured setting was assessed.  This 
was based on the observation that during data collection participants appeared to have 
higher frequencies of gesture use in structured settings compared to unstructured 
settings.  This observation had the potential to impact subsequent analyses and therefore 
was investigated. 
A series of paired samples t-tests were conducted to determine whether or not there 
was a significant difference in frequency of gesture use when a structured setting was 
compared to an unstructured setting.  For organizational purposes results pertaining to 
the difference between the structured and unstructured settings are organized into the 
following sections: 1) 9-12 month group and 2) 12-15 month group.  Within each section, 
results are further broken down into two groups: 1) total frequency of gestures and 2) 







9-12 Month Group 
Total frequency. 
 A paired samples t-test was conducted to compare total frequency of gestures 
used by children 9-12 months of age in structured setting to an unstructured setting.  
Initially, data were assessed to insure that all assumptions had been met.  Assumption 
testing is summarized below (See appendix N for assumption testing and SPSS outputs 
related to results): 
1. Samples: Participants were selected via census and thus results may not be 
generalizable to the population. 
2. Variables: Ratio variables are used. 
3. Normality: The Q-Q plot suggested that our data approximates normal. 
4. Outliers: In the first sweep for outliers, no extreme outliers were identified. 
Results of the paired samples t-test indicated that in the 9-12 month age range, 
there is a significant difference in the total frequency of gestures used between a 
structured setting (M=3.42, SD=1.32) and an unstructured setting (M=1.82, SD=1.01); t 
(32)=26.10, p=0.00.  More specifically, children in the 9-12 month age range have a 
significantly lower total frequency of gestures used in an unstructured setting when 
compared to a structured setting. These results suggest that the nature of the setting 
significantly impacts total frequency of gesture use.  Table 11 below will present 
combined results of the effect setting has on total frequency of gesture use and 




Frequencies of different gesture types. 
A series of three paired samples t-tests were conducted to compare the frequencies 
of behavior regulation, social interaction, and joint attention gestures used by children 9-
12 months of age in a structured setting and an unstructured setting.  Initially, data was 
assessed to insure that all assumptions had been met.  Assumption testing is summarized 
below (See Appendix O for assumption testing and SPSS outputs related to results): 
1. Samples: Participants were selected via census and thus results may not be 
generalizable to the population. 
2. Variables: Ratio variables are used.   
3. Normality: Visual inspection of the Q-Q plot suggested that our data 
approximates normal. 
4. Outliers: In the first sweep for outliers, two outliers were identified.  Data for 
these participants was removed and a second sweep was conducted.  In the second 
sweep, a third outlier was identified.  Data for this participant was removed and a 
third sweep was conducted.  No additional outliers were identified in the third 
sweep.  
For children in the 9-12 month age range, a significant difference was found in the 
frequency of behavior regulation gestures used between the structured setting (M=2.35, 
SD=0.87) and unstructured setting (M=1.11, SD=0.62); t (29)=9.14, p=0.00.  
Additionally, a significant difference was found in the frequency of social interaction 
gestures used between a structured setting (M=0.47, SD=0.30) and unstructured setting 




frequency of joint attention gestures used between the structured setting (M=0.38, 
SD=0.28) and unstructured setting (M=0.33, SD=0.30); t (29)=0.73, p=0.47.   
These results suggest that setting has a significant impact on frequency of behavior 
regulation and frequency of social interaction gestures in children 9-12 months of age, 
with significantly higher frequencies being observed in structured settings when 
compared to unstructured settings.    Setting does not appear to have an impact on the 
frequency of joint attention gestures being used by children 9-12 months of age. Table 11 
below presents combined results of the effect setting has on total frequency of gesture use 
and frequencies of different gesture types in children 9-12 months of age. 
Table 11 
Descriptive Statistics and Paired Samples t-test Results Comparing the Structured and 
Unstructured Settings in Children 9-12 Months of Age 





TF (n=33) 3.42; 1.32 1.82; 1.01 26.10** 
BR (n=30) 2.35; 0.87 1.11; 0.62 9.14** 
SI (n=30) 0.47; 0.30 0.16; 0.20 4.77** 
JA (n=30) 0.38; 0.28 0.33; 0.30 0.73 
*p<.05; **p<.01 
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interaction 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 





12-15 Month Group 
Total frequency. 
A paired samples t-test was conducted in order to compare total frequency of gestures 
used by children 12-15 months of age in structured setting and an unstructured setting.  
Initially, data were assessed to insure that all assumptions had been met.  Assumption 
testing is summarized below (See Appendix P for assumption testing and SPSS outputs 
related to results): 
1. Samples: Participants were selected via census and thus results may not be 
generalizable to the population. 
2. Variables: Ratio variables are used. 
3. Normality: The Q-Q plot suggested that our data approximates normal. 
4. Outliers: In the first sweep for outliers, no extreme outliers were identified. 
Results of the analysis indicated that in the 12-15 month age range, there is a 
significant difference in the total frequency of gestures used between the structured 
setting (M=4.35, SD=1.66) and unstructured setting (M=2.43, SD=1.20); t (20)=8.16, 
p=0.00.  These results suggest that setting has an effect on the total frequency of gestures 
used by children 12-15 months of age.  Specifically, children 12-15 months of age have 
significantly higher total frequencies of gestures used in structured settings when 
compared to unstructured settings.  Table 12 below presents combined results of the 
effect setting has on total frequency of gesture use and frequencies of different gesture 




Frequencies of different gesture types. 
A series of three paired samples t-tests were conducted to compare the frequency of 
behavior regulation, social interaction, and joint attention gestures used by children 12-
15 months of age in a structured setting and an unstructured setting.  Initially, data were 
assessed to insure that all assumptions had been met.  Assumption testing is summarized 
below (See Appendix Q for assumption testing and SPSS outputs related to results): 
1. Samples: Participants were selected via census and thus results may not be 
generalizable to the population. 
2. Variables: Ratio variables are used.   
3. Normality: Visual inspection of the Q-Q plot suggested that our data 
approximates normal. 
4. Outliers: In the first sweep for outliers, no outliers were identified 
In the 12-15 month age range, results indicated that there is a significant difference in 
the frequency of behavior regulation gestures used between the structured setting 
(M=2.85, SD=1.00) and unstructured setting (M=1.66, SD=0.92); t (20)=6.92, p=0.00, 
there is a significant difference in the frequency of social interaction gestures used 
between the structured setting (M=0.67, SD=0.41) and unstructured setting (M=0.34, 
SD=0.30); t (20)=3.55, p=0.00, and there is a significant difference in the frequency of 
joint attention gestures used between the structured setting (M=0.61, SD=0.38) and 
unstructured setting (M=0.41, SD=0.25); t (20)=2.90, p=0.01. 
These results suggest that setting has a significant effect on frequency of behavior 




of 12-15 months.  More specifically, children between the ages of 12-15 months have 
significantly higher frequencies of behavior regulation, social interaction, and joint 
attention gestures in structured settings when compared to unstructured settings.  Table 
12 below presents combined results of the effect setting has on total frequency of gesture 
use and frequencies of different gesture types in children 12-15 months of age. 
Table 12 
Descriptive Statistics and Paired Samples t-test Results Comparing the Structured and 
Unstructured Settings in Children 12-15 Months of Age 





TF (n=21) 4.35; 1.66 2.43; 1.20 8.16** 
BR (n=21) 2.85; 1.00 1.66; 0.92 6.92** 
SI (n=21) 0.67; 0.41 0.34; 0.30 3.55** 
JA (n=21) 0.61; 0.38 0.41; 0.25 2.90** 
*p<.05; **p<.01 
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interactions 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 






 In summary, a series of paired samples t-tests were conducted to determine if 
there was a significant difference in total frequency of gestures, frequency of behavior 
regulation gestures, frequency of social interaction gestures, and frequency of joint 
attention gestures when a structured setting was compared to an unstructured setting.   
The following age ranges were investigated: 9-12 months and 12-15 months.  
In the 9-12 month age range significant differences were found for total frequency 
of gestures, frequency of behavior regulation gestures, and frequency of social 
interaction gestures when a structured setting was compared to an unstructured setting.  
A significant difference was not found for frequency of joint attention gestures when the 
structured setting was compared to the unstructured setting.   These results suggest that 
setting has a significant effect on total frequency of gestures, frequency of behavior 
regulation gestures, and frequency of social interaction gestures for children between the 
ages of 9-12 months.  More specifically, children between the ages of 9-12 months have 
significantly higher total frequency of gestures, frequency of behavior regulation 
gestures, and frequency of social interaction gestures in structured settings when 
compared to unstructured settings.  
In the 12-15 month age range significant differences were found for total 
frequency of gestures, frequency of behavior regulation gestures, frequency of social 
interaction gestures, and frequency of joint attention gestures when a structured setting 
was compared to an unstructured setting.  These results suggest that setting has a 




gestures, frequency of social interaction gestures, and frequency of joint attention 
gestures for children 12-15 months of age.  More specifically, children 12-15 months of 
age have significantly higher total frequency of gestures, frequency of behavior 
regulation gestures, frequency of social interaction gestures, and frequency of joint 







Group Comparisons Results 
Introduction 
This section presents results related to the following research questions: 
1. Is there a difference in total frequency of gesture use between typically 
developing children 9-12 and 12-15 months of age? 
2. Is there a difference in frequency of different types of gestures between typically 
developing children 9-12 and 12-15 months of age? 
 For organizational purposes, the results of the independent t-tests are presented in 
two sections: 1) structured setting and 2) unstructured setting.  Within each section two 
different sets of data are presented.  These include results pertaining to total frequency 
and results pertaining to the frequencies of different types of gestures.  Results of the 








An independent t-test was used to determine if there was a difference in total 
frequency of gestures used in a structured setting between children 9-12 months of age 
and 12-15 months of age.  Initially, data were assessed to insure that assumptions had 
been met.  Assumption testing is summarized below (See appendix R for assumption 
testing and SPSS outputs related to results): 
1. Samples:  The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Variables:  The dependent variable (total frequency) is continuous, ratio data and 
independent variable is categorical with two categories (9-12 and 12-15 month 
olds). 
3. Independence:  Observations are independent. 
4. Normality: The Q-Q plot suggests that our data approximates normal distribution. 
5. Homogeneity of Variance: The Levene’s Test for Equality of Variances was not 
significant suggesting we can assume equal variance (F(52)=3.82; p=0.06). 
6. Outliers: In the first sweep for outliers, no outliers were identified in total 
frequency for the 9-12 or the 12-15 month group. 
Results of the analysis indicated that there is a significant difference in the total 
frequency of gestures used in a structured setting between children 9-12 months of age 
(M=3.42, SD=1.32) and children 12-15 months of age (M=4.35, SD=1.66); t (52)=-2.30, 




used in a structured setting.  More specifically, in a structured setting, children 9-12 
months of age have a significantly lower total frequency of gestures used when compared 
to children 12-15 months of age.  These results are summarized in Table 13 below. 
Frequencies of different types of gestures. 
A series of three independent t-tests were used to determine if there was a difference 
in frequency of behavior regulation, social interaction, or joint attention gestures in a 
structured setting between children 9-12 months of age and 12-15 months of age.  
Initially, data were assessed to insure that assumptions had been met.  Assumption testing 
is summarized below (See Appendix S for assumption testing and SPSS outputs related 
to results): 
1. Samples:  The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Variables:  The dependent variables are continuous (frequency of behavior 
regulation, social interaction, and joint attention), ratio data and independent 
variable is categorical with 2 categories (9-12 and 12-15 month olds). 
3. Independence:  Observations were independent. 
4. Normality: The Q-Q plots for frequency of behavior regulation, social 
interaction, and joint attention variables all suggested that our data approximates 
normal distribution. 
5. Homogeneity of Variance: The Levene’s Test for Equality of Variances was not 




interaction (F(51)=2.46, p=0.12), or joint attention (F(51)=1.15), p=0.29) 
suggesting we can assume equal variance.   
6. Outliers: In the first sweep for outliers, 1 outlier was found in the 9-12 month 
group.  This outlier was removed and a second sweep was conducted.  No 
additional outliers were identified in the second sweep. 
Results indicated that in a structured setting there is a significant difference in 
frequency of joint attention gestures between children 9-12 months of age (M=0.39, 
SD=0.29) and children 12-15 months of age (M=0.61, SD=0.38); t (51)=-2.42, p=0.02.  
A significant difference was not found for frequency of behavior regulation gestures 
between children 9-12 months of age (M=2.37, SD=0.86) and children 12-15 months of 
age (M=2.82, SD=1.00); t (51)=-1.76, p=0.09 or frequency of social interaction gestures 
between children 9-12 months of age (M=0.48, SD=0.30) and children 12-15 months of 
age (M=0.67, SD=0.41); t (51)=-1.93, p=0.06.  It should be noted here that the difference 
between groups was approaching significance for both the frequency of behavior 
regulation (p=0.09) and frequency of social interaction gestures (p=0.06).  With a larger 
sample size, it is possible that significance would have been achieved.   
These results indicate that in a structured setting frequency of joint attention gestures 
is significantly different in each age range, with children in the 9-12 month age range 
having significantly lower frequencies of joint attention gestures than children in the 12-
15 month age range. Frequency of behavior regulation gestures and frequency of social 
interaction gestures in a structured setting are not significantly different in each age 




frequency of behavior regulation and frequency of social interaction variables there is a 
trend for lower frequencies to be observed in the 9-12 month group compared to the 12-
15 month group. 
Independent t-test results comparing total frequency, frequency of behavior 
regulation, frequency of social interaction, and frequency of joint attention gestures in a 
structured setting between children 9-12 months of age and 12-15 months of age are 
presented in Table 13. 
Table 13 
Descriptive Statistics and Independent t-test Results Comparing Children 9-12 and 12-15 
Months of Age in a Structured Setting 





TF 3.42 (1.32) 4.35 (1.66) -2.30* 
BR 2.37 (0.86) 2.82 (1.00) -1.76 
SI 0.48 (0.30) 0.67 (0.41) 1.93 
JA 0.39 (0.29) 0.61 (0.38) 2.42* 
*p<.05; **p<.01 
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interaction 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 







An independent t-test was used to determine if there is a difference in total frequency 
of gestures used in an unstructured setting between children 9-12 months of age and 12-
15 months of age.  Initially, data were assessed to insure that assumptions had been met.  
Assumption testing is summarized below (See Appendix T for assumption testing and 
SPSS outputs related to results): 
1. Samples:  The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Variables:  The dependent variable (total frequency) is continuous, ratio data and 
independent variable is categorical with two categories (9-12 and 12-15 month 
olds) 
3. Independence:  Observations were independent 
4. Normality: The Q-Q plot suggests that our data approximates normal distribution.   
5. Homogeneity of Variance: Levene’s test for equality of variances was not 
significant suggesting we can assume equal variance (F(52)=1.04; p=0.31).   
6. Outliers: In the first sweep for outliers no outliers were found in the total 
frequency data for either the 9-12 month or 12-15 month age groups. 
Results of the analysis indicated that there is a significant difference in the total 
frequency of gestures used in an unstructured setting between children 9-12 months of 
age (M=1.82, SD=1.01) and children 12-15 months of age (M=2.43, SD=1.20); t (52)=-




effect on total frequency of gestures used when children 9-12 months are compared to 
children 12-15 months of age.  More specifically, children 9-12 months of age have 
significantly lower total frequencies of gestures used compared to children 12-15 months 
of age in an unstructured setting.  These results are summarized in Table 14 below. 
 Frequencies of different types of gestures. 
A series of three independent t-tests were used to determine if there was a difference 
in frequency of behavior regulation, social interaction, or joint attention gestures in an 
unstructured setting between children 9-12 months of age and 12-15 months of age.  
Initially, data were assessed to insure that assumptions had been met.  Assumption testing 
is summarized below (See Appendix U for assumption testing and SPSS outputs related 
to results): 
1. Samples:  The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Variables:  The dependent variables are continuous, ratio data (frequency of 
behavior regulation, social interaction, and joint attention) and the independent 
variable is categorical with two categories (9-12 and 12-15 month olds). 
3. Independence:  Observations were independent. 
4. Normality: The Q-Q plot for frequency of behavior regulation gestures suggested 
that our data approximates normal distribution and the Q-Q plots for both 
frequency of social interaction gestures and frequency of joint attention gestures 
suggest that our data is left skewed; however, it was determined that these data 




5. Homogeneity of Variance: The Levene’s test for equality of variances was 
significant for frequency of behavior regulation gestures (F(50)=4.17, p=0.05) 
and therefore the t-test for ‘equal variances not assumed’ will be reported in the 
results.  The levene’s test for equality of variances was not significant for SI 
(F(50)=3.15, p=0.08) or JA (F(50)=3.44), p=0.07), suggesting we can assume 
equal variance.  
6. Outliers: In the first sweep for outliers, one outlier was found in the frequency of 
behavior regulation, social interaction, and joint attention gestures data in the 9-
12 month group.  This outlier was removed and a second sweep was conducted.  
In the second sweep an additional outlier was identified in the same group.  This 
outlier was removed and a third sweep was conducted.  No additional outliers 
were identified.  
Results of the analysis indicated that in an unstructured setting, there is a significant 
difference in frequency of behavior regulation gestures used between children 9-12 
months of age (M=1.16, SD=0.66) and children 12-15 months of age (M=1.67, 
SD=0.92); t (50)=-2.17, p=0.04.  Additionally, there is a significant difference in 
frequency of social interaction gestures used between children 9-12 months of age 
(M=0.17, SD=0.21) and children 12-15 months of age (M=0.34, SD=0.30); t (50)=-2.43, 
p=0.02.  There is not a significant difference in frequency of joint attention gestures used 
in an unstructured setting between children 9-12 months of age (M=0.36, SD=0.34) and 




These results suggest that the frequency of behavior regulation gestures and the 
frequency of social interaction gestures in an unstructured setting are significantly 
different when children 9-12 months of age are compared to children 12-15 months of 
age, with children 9-12 months of age having significantly lower frequencies of both 
behavior regulation and social interaction gestures.  A significant difference between the 
two age ranges was not found for frequency of joint attention gestures in an unstructured 
setting. 
Independent t-test results comparing total frequency, frequency of behavior 
regulation, frequency of social interaction, and frequency of joint attention gestures in an 
unstructured setting between children 9-12 months of age and 12-15 months of age are 
presented in Table 14. 
Table 14 
Descriptive Statistics and Independent t-test Results Comparing Children 9-12 and 12-15 
Months of Age in an Unstructured Setting 





TF 1.82 (1.01) 2.43 (1.20) 1.98* 
BR 1.16 (0.66) 1.67 (0.92) -2.17* 
SI 0.17 (0.21) 0.34 (0.30) -2.43* 
JA 0.36 (0.34) 0.41 (0.25) 0.62 
*p<.05; **p<.01 
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interaction 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 






In summary, when examining the frequencies of gestures in a structured setting, 
significant differences were found for total frequency of gestures used and frequency of 
joint attention gestures used when children 9-12 months of age were compared to 
children 12-15 months of age.  More specifically, in a structured setting children in the 9-
12 month age range were found to have a significantly lower total frequency of gestures 
used and frequency of behavior regulation gestures used when compared to children in 
the 12-15 month age range.  Significant differences were not found between the two 
groups for frequency of behavior regulation gestures or frequency of social interaction 
gestures in a structured setting; however, data for these two variables was nearing 
significance and evidenced a trend for children 9-12 months of age to have lower 
frequencies of both behavior regulation and social interaction gestures when compared 
to children 12-15 months of age.  
When examining frequencies of gestures in an unstructured setting, significant 
differences were found for total frequency, frequency of behavior regulation gestures, 
and frequency of social interaction gestures when children 9-12 months of age were 
compared to children 12-15 months of age.  More specifically, in an unstructured setting, 
children between the ages of 9-12 months have significantly lower total frequencies of 
gestures used, frequencies of behavior regulation gestures, and frequency of social 
interaction gestures when compared to children between the ages of 9-12 months.  
Significant differences were not found for the frequency of joint attention gestures used 





Frequency and Language Association Results at 9-12 Months 
Introduction 
 This chapter provides the results associated with the following research question:  
1. Can receptive language scores be predicted from total frequency of gesture use or 
frequency of different types of gestures used in typically developing children 9-12 
months of age? 
For organizational purposes, the results relating to the association between frequency 
and language at 9-12 months are separated into two primary sections: 1) total frequency 
and language association at 9-12 months and 2) frequency of different types of gestures 
and language association at 9-12 months.  Within each of these sections, two different 
sets of results are presented.  These include results pertaining to the structured setting and 
those pertaining to the unstructured setting, with results relating to receptive language 
and expressive language presented respectively.  Below is a summary of the results 





Total Frequency and Language Association at 9-12 Months 
 Structured setting. 
 Receptive language. 
A simple linear regression was conducted to determine if receptive language 
scores can be predicted from total frequency of gestures used in a structured setting. 
Initially, data were analyzed to ensure that all assumptions and requirements had been 
met.  This information is summarized below (See appendix V for assumption testing and 
SPSS outputs related to results):  
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: Visual inspection of the histogram, P-P plot, and scatterplot of 
standardized residuals suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the simple linear regression indicate that in a structured setting, total 
frequency of gestures use does not explain a significant proportion of the total variation in 
receptive language scores for children 9-12 months of age (adjusted R2=0.03; 




significant predictor of receptive language scores in children 9-12 months of age.  These 
results are summarized in Table 15 below.   
Expressive language. 
A simple linear regression was conducted to determine if expressive language 
scores can be predicted from total frequency of gesture use in a structured setting. 
Initially, data were screened to determine if all assumptions and requirements have been 
met.  This information is summarized below (See Appendix W for assumption testing and 
SPSS outputs related to results): 
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers: In the first sweep, no extreme outliers were identified.  
3. Normality: The Histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the regression indicate that a significant proportion of the variation in 
expressive language scores can be attributed to total frequency of gestures in the 
structured setting (adjusted R2=0.16; F(1,31)=7.07; p=0.01).  More specifically 16% of 
the variation in expressive language scores can be explained by total frequency of 
gestures used.  Using the regression equation Y=b0 +b1X + e, it was determined that for 




language scores increase by 2.03 points.  These results are summarized in Table 15 
below. 
Summary. 
In a structured setting, total frequency of gestures used is not a significant predictor 
of receptive language scores in children 9-12 months of age.  In a structured setting, total 
frequency of gestures used is a significant predictor of expressive language scores.  More 
specifically, 16% of the variation in expressive language scores can be explained by total 
frequency and for every 1-unit increase in total frequency, expressive language scores 
increase by 2.03 points.  These results are summarized in Table 15. 
Table 15 
Summary of Simple Regression Analysis for Total Frequency Predicting Receptive 
Language and Expressive Language in a Structured Setting for Children 9-12 Months of 
Age 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
TF 1.47 1.04 0.25 2.03** 0.76 0.43 
 
R2  0.03   0.16 
 
 
F  2.00   7.07**  
*p<.05. **p<.01 
Note. TF=total frequency of gestures. 
 
 Unstructured setting. 
 Receptive language. 
A simple linear regression was conducted to determine if receptive language 




Initially, data were analyzed to ensure that all assumptions and requirements had been 
met.  This information is summarized below (See Appendix X for assumption testing and 
SPSS outputs related to results):  
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: Visual inspection of the histogram, P-P plot, and scatterplot of 
standardized residuals suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the simple linear regression indicate that total frequency of gestures 
used in an unstructured setting does not explain a significant proportion of the total 
variation in receptive language skills for children 9-12 months of age (adjusted R2=0.01; 
F(1,31)=1.22; p=0.28).  In other words, total frequency of gestures used is not a 
significant predictor of receptive language skills in children 9-12 months of age. These 
results are summarized in Table 16 below.  
Expressive language. 
A simple linear regression was conducted to determine if expressive language 
scores can be predicted from total frequency of gestures used in an unstructured setting. 




met.  This information is summarized below (See Appendix Y for assumption testing and 
SPSS outputs related to results): 
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers: In the first sweep, no extreme outliers were identified.  
3. Normality: The Histogram, and scatterplot of standardized residuals suggested 
that normality was reasonable; however the P-P plot suggested that our variables 
are not related to one another.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the regression indicated that in the 9-12 month age range, total 
frequency of gestures used in an unstructured setting did not explain a significant 
proportion of the variation in expressive language skills (adjusted R2=-0.03; 
F(1,31)=0.02; p=0.89).  In other words, total frequency of gestures used in an 
unstructured setting is not a significant predictor of expressive language skills. These 
results are summarized in Table 16 below. 
Summary 
In an unstructured setting, total frequency of gestures used was not found to be a 
significant predictor of either receptive language scores or expressive language scores for 





Summary of Simple Regression Analysis for Total Frequency Predicting Receptive 
Language and Expressive Language in an Unstructured Setting for Children 9-12 
Months of Age. 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
TF 1.51 1.37 0.19 -0.15 1.10 -0.03 
 
R2  0.01   -0.03 
 
 
F  1.22   0.02  
*p<.05. **p<.01 





Frequency of different types of gestures and language association at 9-12 Months. 
Structured setting. 
Receptive Language. 
A multiple linear regression was utilized to determine receptive language scores can 
be predicted from frequency behavior regulation gestures, social interaction gestures, 
and/or joint attention gestures in a structured setting for children 9-12 months of age.  
Initially, data were screened to determine if assumptions and requirements had been met.  
This information is summarized below (See Appendix Z for assumption testing and SPSS 
outputs related to results): 
1. Multicollinieraty: Tolerance for all variables were found to be >0.01, the variation 
inflation factor was determined to be less than 5,  and the condition index was less 
than 30.  Therefore, multicollinearity is not a problem with this data set.  
2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population.  
3. Outliers: In the first sweep for outliers, one extreme outlier was identified.  Data 
for this participant was removed and a second sweep for outliers was conducted.  
No additional outliers were identified.  A multiple regression conducted with and 
without the outlier and the removal of the outlier did not have an impact on the 
results.  Therefore, the outlier was left in the dataset.   
4. Normality: The histogram identified two separate groups; however the P-P plot 




5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that the frequencies of the three types 
of gestures (behavior regulation, social interaction, and joint attention) do not explain a 
significant proportion of the variation in receptive language skills (adjusted R2=-0.01; 
F(3,29)=0.89, p=0.46). Each of the variables was then analyzed independently to 
determine it’s individual contribution to the model. Frequency of behavior regulation 
gestures (B=2.91, t(29)=1.52, p=0.14), frequency of social interaction gestures (B=-1.27, 
t(29)=-0.23, p=0.67), and frequency of joint attention gestures (B=3.36, t(29)=0.67, 
p=0.51) were all found to be insignificant predictors of receptive language skills.  These 
results are summarized in Table 17 below. 
 Expressive Language. 
A multiple linear regression was utilized to determine expressive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in a structured setting.  Initially, data were 
screened to ensure all assumptions and requirements had been met.  This information is 
summarized below (See Appendix AA for assumption testing and SPSS outputs related to 
results): 
1. Multicollinieraty:  Tolerance was examined for all variables and found to be 
>0.01, the variation inflation factor was <5, and the condition index was <30.  




2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
3. Outliers: In the first sweep for outliers, one extreme outlier was identified.  Data 
for this participant was removed and a second sweep for outliers was conducted.  
No additional outliers were identified.  A multiple regression was ran with and 
without the outlier and the removal of the outlier did not have an impact on the 
results.  Therefore, the outlier was left in the dataset.   
4. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that in a structured setting, the three 
types of gestures (behavior regulation, social interaction, and joint attention) 
significantly explain 18% of the variation in expressive language scores  (adjusted 
R2=0.18, F(3,29)=3.31, p=0.03).  Each individual gesture type was then examined for it’s 
individual contribution to the overall prediction of expressive language scores.  
Frequency of joint attention gestures was found to significantly predict expressive 
language scores in a structured setting (B=6.11, t(29)=2.47; p=0.02); however frequency 
of behavior regulation gestures (B=1.62, t(29)=1.21; p=0.24) and frequency of social 





A stepwise multiple regression demonstrated that frequency of joint attention gestures 
accounts for 18% of the variation in expressive language scores in a structured setting 
(adjusted R2=0.18, F (1,31)=8.17; p=0.01).  Using the regression equation Y=b0 +b1X + 
e, it was determined that for every 1 unit increase in frequency of joint attention gestures, 
expressive language scores increase by 6.85 points.  These results are summarized in 
Table 17 below. 
Summary. 
In a structured setting, when combined and when in isolation, frequency of behavior 
regulation, social interaction, and joint attention gestures were not significant predictors 
of receptive language skills for children 9-12 months of age.  When combined, frequency 
of behavior regulation, social interaction, and joint attention gestures were found to be 
significant predictors of expressive language scores for children 9-12 months of age.  
More specifically, frequency of behavior regulation, social interaction, and joint 
attention gestures accounted for 18% of the variation in expressive language scores.  
When examined independently, it was determined that frequency of joint attention 
gestures is the only significant predictor of expressive language scores for children 9-12 
months of age.  More specifically, frequency of joint attention gestures accounted for 
18% of the variation in expressive language scores and for every 1 unit increase in 
frequency of joint attention gestures, expressive language scores increase by 6.85 points.  







Summary of Multiple Regression Analysis for Variables Predicting Receptive Language 
and Expressive Language in a Structured Setting for Children 9-12Months of Age 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
BR 2.91 1.90 0.31 1.62 1.34 0.23 
 
SI -1.27 5.58 -0.05 -0.55 3.80 -0.03 
 
JA 3.36 5.05 0.12 6.11 2.47 0.41* 
 
R2  -0.011   0.18 
 
 
F  0.89   3.32*  
*p<.05. **p<.01 
Note. BR=frequency of behavior regulation gestures. SI=frequency of social interaction 
gestures. JA=frequency of joint attention gestures. 
 
 Unstructured setting. 
 Receptive language. 
A multiple linear regression was utilized to determine receptive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, or joint attention gestures in an unstructured setting for children 9-12 months of 
age.  Initially, data were screened to determine all assumptions and requirements have 
been met.  This information is summarized below (See Appendix BB for assumption 
testing and SPSS outputs related to results): 
1. Multicollinieraty:  Tolerance was examined for all variables and found to be 
>0.01, the variation inflation factor was <5, and the condition index was <30.  




2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
3. Outliers: In the first sweep, one outlier was identified.  Data for this participant 
was removed and a second sweep was conducted.  The second sweep identified 
another outlier.  Data for this participant was removed and a third sweep was 
conducted.  No additional outliers were identified.  A multiple linear regression 
was ran with and without the presence of the outliers.  Removal of the outliers 
improved the significance and normality of the data and thus the model was ran 
without the data for these two participants.   
4. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that the frequencies of the three types 
of gestures (behavior regulation, social interaction, and joint attention) neared 
significance for the prediction of variance in receptive language scores (adjusted 
R2=0.14; (F(3,27)=2.58, p=0.07).  With a larger sample size, this model may been 
significant.   
Each individual gesture type was then examined for its individual contribution to the 
overall prediction of receptive language scores.  Frequency of social interaction gestures 




p=0.01).  Frequency of behavior regulation gestures (B=-0.37, t(27)=-0.17; p=0.87) and 
frequency of joint attention gestures (B=-6.93, t(27)=-1.43; p=0.17) were not significant 
predictors of receptive language skills. 
A stepwise multiple regression demonstrated that frequency of social interaction 
gestures in an unstructured setting accounted for 13% of the variation in receptive 
language scores (Adjusted R2=0.13, F(1,29)=5.66; p=0.02).  Using the regression 
equation Y=b0 +b1X + e, it was determined that for every 1 unit increase in frequency of 
social interaction gestures, receptive language scores increase by 22.26 points. These 
results are summarized below in Table 18. 
Expressive language.  
A multiple linear regression was utilized to determine if expressive language 
scores can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in an unstructured setting.  Initially, data were 
screened to ensure all assumptions and requirements had been met.  This information is 
summarized below (See Appendix CC for assumption testing and SPSS outputs related to 
results): 
1. Multicollinieraty:  Tolerance was examined for all variables and found to be 
>0.01, the variation inflation factor was <5, and the condition index was <30.  
Therefore, multicollinearity is not a problem with this data set.  
2. Samples: The samples were selected via census and thus results may not be 




3. Outliers: In the first sweep, one outlier was identified.  Data for this participant 
was removed and a second sweep was conducted.  The second sweep identified 
another outlier.  Data for this participant was removed and a third sweep was 
conducted.  No additional outliers were identified.  A multiple linear regression 
was ran with and without the presence of the outliers.  Removal of the outliers 
improved normality and thus the model was ran without the data for these two 
participants.   
4. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that the three types of gestures 
(behavior regulation, social interaction, and joint attention) do not explain a significant 
proportion of the variation in expressive language scores in an unstructured setting 
(adjusted R2=-0.02, F(3,27)=0.81, p=0.50).  Each individual gesture type was then 
examined for its individual contribution to the overall prediction of expressive language 
scores.  Frequency of behavior regulation gestures (B=-0.45, t(27)=-0.26, p=0.80), 
frequency of social interaction gestures (B=8.41, t(27)=1.28, p=0.21), and frequency of 
joint attention gestures (B=0.24, t(27)=0.06, p=0.95) were found to be insignificant 






 In an unstructured setting, the three types of gestures (behavior regulation, social 
interaction, and joint attention) neared significance for the prediction of variance in 
receptive language scores for children 9-12 months of age.   When examining each 
gesture type independently, it was found that frequency of social interaction gestures is a 
significant predictor of receptive language scores for children 9-12 months of age.  More 
specifically, frequency of social interaction gestures were able to explain 13% of the 
variation in receptive language scores with every 1 unit increase in frequency of social 
interaction gestures resulting in an increase of 22.26 in receptive language scores.   
Frequencies of the three types of gestures (behavior regulation, social interaction, and 
joint attention) in an unstructured setting were not significantly related to expressive 
language scores in combination or in isolation. These results are presented in Table 18. 
Table 18 
Summary of Multiple Regression Analysis for Variables Predicting Receptive Language 
and Expressive Language in an Unstructured Setting for Children 9-12Months of Age 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
BR -0.37 2.18 -0.03 -0.45 1.75 -0.05 
 
SI 22.26* 8.18 0.57 8.41 6.58 0.29 
 
JA -6.93 4.86 -0.29 0.24 3.91 0.14 
 
R2  0.14   -0.02 
 
 
F  2.58   0.81  
*p<.05. **p<.01 
Note. BR=frequency of behavior regulation gestures. SI=frequency of social interaction 






Total frequency and language association at 9-12 months. 
 Structured. 
 Results of the analysis indicated that total frequency of gestures used in a 
structured setting is not significantly related to receptive language scores in children 9-12 
months of age.  However, Total frequency of gestures used in a structured setting is a 
significant predictor of expressive language scores.  More specifically, 16% of the 
variation in expressive language scores can be explained by total frequency of gestures 
used and for every 1 unit increase in total frequency, expressive language scores increase 
by 2.03 points. 
 Unstructured. 
Results of the analysis indicated that total frequency of gestures used in an 
unstructured setting is not significantly related to either receptive language scores or 
expressive language scores for children 9-12 months of age.   
Frequency of different types of gestures and language association at 9-12 
months. 
 Structured setting. 
Results of the analysis found that frequency of behavior regulation, social 
interaction, and joint attention gestures in a structured setting were not significantly 




frequencies of behavior regulation and social interaction gestures were not significantly 
related to expressive language scores for children 9-12 months of age.  Frequency of joint 
attention gestures in a structured setting was the only significant predictor of expressive 
language scores for children 9-12 months of age.  More specifically, frequency of joint 
attention gestures in a structured setting accounted for 18% of the variation in expressive 
language scores and for every 1 unit increase in frequency of joint attention gestures, 
expressive language scores increase by 6.85 points.   
Unstructured Setting 
Results of the analysis indicated that frequency of behavior regulation gestures 
and frequency of joint attention gestures in an unstructured setting were not significantly 
related to receptive language skills.  Frequency of social interaction gestures in an 
unstructured setting were found to be significantly related to receptive language scores 
for children 9-12 months of age.  More specifically, frequency of social interaction 
gestures were able to explain 13% of the variation in receptive language scores, with 
every 1 unit increase in frequency of social interaction gestures resulting in an increase 
of 22.26 in receptive language scores.  Frequencies of the three types of gestures 
(behavior regulation, social interaction, and joint attention) in an unstructured setting 








Frequency and Language Association Results at 12-15 Months 
Introduction 
This chapter presents results related to the final research question: 
1. Can expressive language scores be predicted from total frequency of gesture use 
or frequency of different types of gestures used in typically developing children 
12-15 months of age? 
For organizational purposes, the results relating to the association between frequency 
and language at 12-15 months are separated into two primary sections: 1) total frequency 
and language association at 12-15 months and 2) frequency of different types of gestures 
and language association at 12-15 months.  Within each of these sections, two different 
sets of results are presented.  These include results pertaining to the structured setting and 
those pertaining to the unstructured setting with results relating to receptive language and 
expressive language presented respectively.  Below is a summary of the results relating to 





Total Frequency and Language Association at 12-15 Months 
Structured setting. 
Receptive language. 
A simple linear regression was conducted to determine if receptive language 
scores could be predicted from total frequency of gesture use in a structured setting for 
children 12-15 months of age. Initially, data were analyzed to ensure that all assumptions 
and requirements had been met.  This information is summarized below (See appendix 
DD for assumption testing and SPSS outputs related to results):  
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: The histogram appeared to be fairly normally distributed, the P-P plot 
suggested that our variables were possibly not related, and scatterplot of 
standardized residuals suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the regression indicated total frequency of gestures used in a structured 
setting does not explain a significant proportion of the variation in receptive language 
scores for children 12-15 months of age (adjusted R2=-0.05; F(1,20)=0.01; p=0.94).  In 




predictor of receptive language scores for children 12-15 months of age.  These results 
are summarized in Table 19 below. 
 Expressive language. 
A simple linear regression was conducted to determine if expressive language 
scores could be predicted from total frequency of gesture use in a structured setting. 
Initially, data were analyzed to ensure that all assumptions and requirements had been 
met.  This information is summarized below (See appendix EE for assumption testing and 
SPSS outputs related to results):  
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: The histogram displays the possibility of two or more groups within 
our sample.  Both the P-P plot, and scatterplot of standardized residuals suggested 
that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the linear regression indicated that the total frequency of gestures used 
does not explain a significant amount of the variance in expressive language scores in a 
structured setting (adjusted R2=0.10; F(1,20)=3.27, p=0.09).  It should be noted here that 




total frequency of gestures used would have been a significant predictor of expressive 
language scores. These results are summarized in Table 19 below. 
 Summary. 
 In the 12-15 month age range, total frequency of gestures used did not explain a 
significant proportion of the variation in receptive language scores or expressive 
language scores in a structured setting.   The model examining the relationship between 
total frequency of gestures and expressive language scores is nearing significance 
(p=0.09). These results are summarized in Table 19. 
Table 19 
Summary of Simple Regression Analysis for Total Frequency Predicting Receptive 
Language and Expressive Language in a Structured Setting for Children 12-15 Months of 
Age. 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
TF 0.06 0.73 0.02 1.77 0.98 0.38 
 
R2  -0.5   0.10 
 
 
F  0.01   3.27  
*p<.05. **p<.01 
Note. TF=total frequency of gestures. 
 Unstructured setting. 
 Receptive Language. 
A simple linear regression was conducted to determine if receptive language 
scores could be predicted from total frequency of gesture used in an unstructured setting 




assumptions and requirements had been met.  This information is summarized below (See 
appendix FF for assumption testing and SPSS outputs related to results):  
1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
Results of the linear regression indicated total frequency of gestures used in an 
unstructured setting does not explain a significant proportion of the variation in receptive 
language scores for children 12-15 months of age (adjusted R2=-0.04; F(1,20)=0.17; 
p=0.68).  In other words, total frequency of gestures used in an unstructured setting does 
not predict receptive language scores. These results are presented in Table 20 below. 
 Expressive language. 
A simple linear regression was conducted to determine if expressive language 
scores could be predicted from total frequency of gestures used in an unstructured 
setting. Initially, data were analyzed to ensure that all assumptions and requirements had 
been met.  This information is summarized below (See Appendix GG for assumption 




1. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
2. Outliers:  No extreme outliers were identified in the first outlier sweep. 
3. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
4. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the linear regression indicate that the total frequency of gestures used in 
an unstructured setting does not explain a significant amount of the variance in 
expressive language scores for children 12-15 months of age (adjusted R2=0.08 
(F(1,20)=2.76, p=0.11).  It should be noted here that this model is nearing significance 
(p=0.11) and with a larger sample size, it is possible that significance will be achieved.  
These results are summarized in Table 20 below. 
 Summary.  
 In an unstructured setting, total frequency of gestures used was not found to be a 
significant predictor of either receptive language or expressive language scores for 
children 12-15 months of age.    The model examining the relationship between total 
frequency and expressive language was nearing significance (p=0.11), suggesting that 







Summary of Simple Regression Analysis for Total Frequency Predicting Receptive 
Language and Expressive Language in an Unstructured Setting for Children 12-15 
Months of Age 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
TF 0.41 1.00 0.10 2.27 1.37 0.36 
R2  -0.04   0.08  
F  0.17   2.76  
*p<.05. **p<.01 










A multiple linear regression was utilized to determine if receptive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in a structured setting for children 12-15 months 
of age.  Initially, data were screened to determine if assumptions and requirements had 
been met.  This information is summarized below (See Appendix HH for assumption 
testing and SPSS outputs related to results): 
1. Multicollinieraty: Tolerance for all variables were found to be >0.01, the variation 
inflation factor was determined to be less than 5, and the condition index was less 
than 30.  Therefore, multicollinearity is not a problem with this data set.  
2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population.  
3. Outliers: In the first sweep, no extreme outliers were identified.   
4. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 




The results of the multiple regression indicated that for children in the 12-15 month 
age range, the frequencies of three types of gestures (behavior regulation, social 
interaction, and joint attention) do not explain a significant proportion of variance in 
receptive language scores (adjusted R2 squared=-0.01; F(3,17)=0.95, p=0.44).  Each 
individual gesture type was then examined for it’s individual contribution to the overall 
prediction of receptive language skills.  Individually, frequency of behavior regulation 
gestures (B=1.14, t(20)=-0.83, p=0.42), frequency of social interaction gestures (B=5.02, 
t(20)=1.38, p=0.19), and frequency of joint attention gestures (B=-6.78, t(20)=-1.55, 
p=0.14) were not significantly related to receptive language skills for children 12-15 
months of age.  These results are summarized in Table 21 below. 
Expressive language. 
A multiple linear regression was utilized to determine if expressive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in a structured setting for children 12-15 months 
of age.  Initially, data were screened to determine if assumptions and requirements had 
been met.  This information is summarized below (See Appendix II for assumption 
testing and SPSS outputs related to results): 
1. Multicollinieraty: Tolerance for all variables were found to be >0.01, the variation 
inflation factor was determined to be less than 5,  and the condition index was less 
than 30.  Therefore, multicollinearity is not a problem with this data set.  
2. Samples: The samples were selected via census and thus results may not be 




3. Outliers: In the first sweep, no extreme outliers were identified.   
4. Normality: Both the histogram and P-P plot were slightly right skewed; however 
the and scatterplot of standardized residuals suggested that normality was 
reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that frequencies of the three types of 
gestures (behavior regulation, social interaction, and joint attention) in a structured 
setting do not explain a significant proportion of the variance in language scores 
(adjusted R2=0.22 (F(3,17)=2.86, p=0.07).  It should be noted that this model is nearing 
significance and with a larger sample size significance may have been achieved. 
Frequencies of each individual gesture type in a structured setting were then 
examined for individual contribution to the overall prediction of receptive language skills 
for children 12-15 months of age.  Frequency of behavior regulation gestures in a 
structured setting was found to be significantly related to expressive language scores 
(B=5.07, t(17)=2.89, p=0.01).  In a structured setting, frequency of social interaction 
gestures (B=2.36, t(20)=-0.50, p=0.62) and frequency of joint attention gestures (B=-
6.75, t(20)=-1.20, p=0.25) were not significantly related to expressive language skills for 
children 12-15 months of age. 
A stepwise multiple regression demonstrated that frequency of behavior regulation 




scores for children 12-15 months of age (adjusted R2=0.24, F (1,19)=7.27; p=0.01).  
Using the regression equation Y=b0 +b1X + e, it was determined that for every 1 unit 
increase in frequency of behavior regulation gestures, expressive language scores 
increase by 4.04 points. These results are summarized in Table 21 below. 
Summary. 
For children 12-15 months of age, in a structured setting, frequencies of behavior 
regulation, social interaction, and joint attention gestures were not significantly related 
to receptive language scores either in combination or isolation.  In combination, 
frequencies of behavior regulation, social interaction, and joint attention gestures were 
not found to be significantly related to expressive language scores either; however, this 
model was nearing significance (p=0.07).  In isolation, frequencies of behavior 
regulation gestures were found to be significantly related to expressive language scores 
for children 12-15 months of age.  More specifically, in a structured setting frequency of 
behavior regulation gestures was found to explain 24% of the variation in expressive 
language scores, with every 1 unit increase in frequency of behavior regulation gestures 
accounting for an increase in expressive language scores of 5.07 points.  These results are 











Summary of Multiple Regression Analysis for Variables Predicting Receptive Language 
and Expressive Language in a Structured Setting for Children 12-15 Months of Age. 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
BR 1.14 1.37 0.22 5.07** 1.76 0.66 
 
SI 5.02 3.64 0.39 2.36 4.68 0.13 
 
JA -6.78 4.38 -0.49 -6.75 5.63 -0.34 
 
R2  -0.01   0.22 
 
 
F  0.95   2.86  
*p<.05. **p<.01 
Note. BR=frequency of behavior regulation gestures. SI=frequency of social interaction 
gestures. JA=frequency of joint attention gestures. 
 
 Unstructured setting. 
 Receptive language. 
A multiple linear regression was utilized to determine if receptive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in an unstructured setting for children 12-15 
months of age.  Initially, data were screened to determine if assumptions and 
requirements had been met.  This information is summarized below (See Appendix JJ for 
assumption testing and SPSS outputs related to results): 
1. Multicollinieraty: Tolerance for all variables were found to be >0.01, the variation 
inflation factor was determined to be less than 5,  and the condition index was less 




2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 
3. Outliers: In the first sweep, no extreme outliers were identified.   
4. Normality: The histogram, P-P plot, and scatterplot of standardized residuals 
suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that, in an unstructured setting, the 
frequencies of the three types of gestures (behavior regulation, social interaction, and 
joint attention) do not explain a significant proportion of the variation receptive language 
scores for children 12-15 months of age (adjusted R2=0.15; F(3,17)=2.14, p=0.14).  In 
other words, in combination, frequencies of behavior regulation, social interaction, and 
joint attention gestures in an unstructured setting do not significantly predict receptive 
language scores of children 12-15 months of age. 
Each individual gesture type was then examined for  individual contribution to the 
overall prediction of receptive language scores.  In an unstructured setting, neither 
frequency of behavior regulation gestures (B=-1.15, t(20)=-0.80, p=0.44) or frequency of 
joint attention gestures (B=-1.94, t(20)=-0.40, p=0.69) were found to be significant 
predictors of receptive language scores for children 12-15 months of age.  Frequency of 




predictor of receptive language scores for children 12-15 months of age (B=10.01, 
t(20)=2.45, p=0.03). 
A stepwise multiple regression demonstrated that frequency of social interaction 
gestures in an unstructured setting accounts for 18% of the variation in receptive 
language scores (adjusted R2=0.18, F (1,19)=5.43; p=0.03).  Using the regression 
equation Y=b0 +b1X + e, it was determined that for every 1 unit increase of frequency of 
social interaction gestures in an unstructured setting, receptive language scores increase 
by 8.21 points.  These results are summarized in Table 22.  
Expressive language. 
A multiple linear regression was utilized to determine if expressive language scores 
can be predicted from frequency behavior regulation gestures, social interaction 
gestures, and/or joint attention gestures in an unstructured setting for children 12-15 
months of age.  Initially, data were screened to determine if assumptions and 
requirements had been met.  This information is summarized below (See Appendix KK 
for assumption testing and SPSS outputs related to results): 
1. Multicollinieraty: Tolerance for all variables were found to be >0.01, the variation 
inflation factor was determined to be less than 5,  and the condition index was less 
than 30.  Therefore, multicollinearity is not a problem with this data set.  
2. Samples: The samples were selected via census and thus results may not be 
generalizable to the population. 




4. Normality: The Histogram was marginally left skewed; however the P-P plot and 
scatterplot of standardized residuals suggested that normality was reasonable.   
5. Homoscedasticity: The scatterplot of standardized residuals displayed a relatively 
random display of points with a consistent spread of residuals providing evidence 
of homoscedasticity.  
The results of the multiple regression indicated that in an unstructured setting the 
frequencies of the three types of gestures (behavior regulation, social interaction, and 
joint attention) explain 34% of the variation in expressive language scores for children 
12-15 months of age (adjusted R2=0.34 (F(3,17)=4.50, p=0.02).  In other words, 
frequencies of the three types of gestures in an unstructured setting are significant 
predictors of expressive language scores for children 12-15 months of age. 
Frequencies of each individual gesture type in an unstructured setting were then 
examined for individual contribution to the overall prediction of expressive language 
skills.  Both frequency of behavior regulation gestures in an unstructured setting 
(B=6.05, t(20)=3.28, p=0.00) and frequency of joint attention gestures (B=-15.55, t(20)=-
2.54), p=0.02) were found to be a significant predictors of expressive language scores for 
children 12-15 months of age.  Frequency of social interaction gestures in an 
unstructured setting was not a significant predictor of expressive language scores (B=-
3.13, t(20)=-0.64, p=0.53). 
A stepwise multiple regression demonstrated that frequency of behavior regulation 
gestures in an unstructured setting accounts for 19% of the variation in expressive 




p=0.03).  The addition of frequency of joint attention gestures in an unstructured setting 
to the model accounted for an additional 18% of the variation in expressive language 
scores (adjusted R2=0.37, F(1,18)=6.77, p=0.01).  Using the regression equation Y=b0 
+b1X + e, it was determined that for every 1 unit increase in frequency behavior 
regulation gestures, receptive language scores increase by 3.98 points and for every 1 
unit increase in frequency of joint attention gestures, receptive language scores decrease 
by 15.22 points.  These results are summarized in Table 22 below. 
 Summary. 
The results of the multiple regression indicated that, in an unstructured setting, the 
frequencies of the three types of gestures (behavior regulation, social interaction, and 
joint attention) do not explain a significant proportion of the variation receptive language 
scores for children 12-15 months of age (adjusted R2=0.15; F(3,17)=2.14, p=0.14).  In 
isolation, frequency of social interaction gestures in an unstructured setting was found to 
be a significant predictor of receptive language scores for children 12-15 months of age 
(B=10.01, t(20)=2.45, p=0.03).  More specifically, frequency of social interaction 
gestures in an unstructured setting was found to account for 18% of the variation in 
receptive language scores for children 12-15 months of age (adjusted R2=0.18; F 
(1,19)=5.43; p=0.03) and for every 1 unit increase of frequency of joint attention gestures 
in an unstructured setting,  receptive language scores increase by 8.21 points. 
Additionally, the results of the multiple regression indicated that in an unstructured 
setting the frequencies of the three types of gestures (behavior regulation, social 




language scores for children 12-15 months of age.  Individually, both frequency of 
behavior regulation gestures and frequency of joint attention gestures in an unstructured 
setting were found to be a significant predictors of expressive language scores for 
children 12-15 months of age.  More specifically, frequency of behavior regulation 
gestures in an unstructured setting was found to account for 19% of the variation in 
expressive language scores, with every 1 unit increase in frequency of behavior 
regulation gestures resulting in receptive language scores to increase by 3.98 points.   
Frequency of joint attention gestures in an unstructured setting accounted for 18% of the 
variation in expressive language scores, with every 1 unit increase in frequency of joint 
attention gestures resulting in a 15.22 point decrease in receptive language scores.  These 
results are summarized in Table 22.  
Table 22 
Summary of Multiple Regression Analysis for Variables Predicting Receptive Language 
and Expressive Language in an Unstructured Setting for Children 12-15 Months of Age 
 Receptive Language Expressive Language 
Variable B SE B β B SE B β 
BR -1.15 1.44 -0.20 6.05** 1.84 0.72 
 
SI 10.01* 4.08 0.58 -3.31 5.22 -0.13 
 
JA -1.94 4.80 -0.09 -15.55* 6.13 -0.50 
 
R2  0.15   0.34 
 
 
F  2.14   4.50*  
*p<.05. **p<.01 
Note. BR=frequency of behavior regulation gestures. SI=frequency of social interaction 






Total frequency and language association at 12-15 months. 
Structured setting. 
Results of the analysis indicated that in the 12-15 month age range, total 
frequency of gestures used in a structured setting is not significantly related to receptive 
language scores or expressive language.   The model examining the relationship between 
total frequency of gestures in a structured setting and expressive language scores was 
nearing significance (p=0.09), therefore with a larger sample size, it is probable that 
significance would have been achieved.   
Unstructured setting. 
 Results of the analysis indicated that in the 12-15 month age range, total 
frequency of gestures used in an unstructured setting is not significantly related to either 
receptive language or expressive language scores.    The model examining the 
relationship between total frequency of gestures used in an unstructured setting and 
expressive language was nearing significance (p=0.11).   
Frequencies of different types of gestures and language association at 12-15 
months. 
Structured setting 
Results of the analysis indicated that at 12-15 months of age, frequencies of behavior 
regulation, social interaction, and joint attention gestures in a structured setting are not 




joint attention gestures in a structured setting are not significantly related to expressive 
language scores.  Frequency of behavior regulation gestures in a structured setting were 
found to be significantly related to expressive language scores for children 12-15 months 
of age.  More specifically, in a structured setting frequency of behavior regulation 
gestures was found to explain 24% of the variation in expressive language scores, with 
every 1 unit increase in frequency of behavior regulation gestures accounting for an 
increase in expressive language scores of 5.07 points.   
Unstructured setting 
The results of the analysis indicated that, neither frequency of behavior regulation or 
joint attention gestures in an unstructured setting are significantly related to receptive 
language in children 9-12 months of age.  Frequency of social interaction gestures in an 
unstructured setting was found to be a significant predictor of receptive language scores 
for children 12-15 months of age.  More specifically, frequency of social interaction 
gestures in an unstructured setting was found to account for 18% of the variation in 
receptive language scores for children 12-15 months of age (adjusted R2=0.18; F 
(1,19)=5.43; p=0.03) and for every 1 unit increase of frequency of social interaction 
gestures in an unstructured setting, receptive language scores increase by 8.21 points. 
Additionally, results of the analysis indicated that in the 12-15 month age range 
frequency of social interaction gestures in an unstructured setting are not significantly 
related to expressive language scores; however frequencies of behavior regulation 
gestures and social interaction gestures in an unstructured setting are significantly related 




gestures in an unstructured setting was found to account for 19% of the variation in 
expressive language scores, with every 1 unit increase in frequency of behavior 
regulation gestures resulting in receptive language scores to increase by 3.98 points and 
frequency of joint attention gestures in an unstructured setting accounted for 18% of the 
variation in expressive language scores, with every 1 unit increase in frequency of joint 








The purpose of this research project was to examine the frequency of different 
types of gestures and the relationship between frequency of gesture use and language.  
This discussion of results will be divided into five sections.  The first section will discuss 
the results related to frequency of gesture use, which were reported in Chapters Five, Six, 
and Seven.  This comprises results related to the average frequencies of gesture use, 
differences in frequency of gesture use between structured and unstructured settings, and 
differences in frequency of gesture use between the 9-12 and 12-15 month age ranges.  
The second section will discuss the results related to the association between frequency 
of gesture use and language.  These results were presented in Chapters Eight and Nine 
and addressed the association between receptive and expressive language scores and 
frequencies of gestures in typically developing children 9-12 and 12-15 months of age.  
The third section will address clinical implications associated with the results discussed 
in the previous two sections.  The fourth section will discuss directions for future 





Discussion of Frequency Results 
 Introduction. 
 Frequencies of gesture use were one of the primary focuses of this project. There 
has been little investigation of frequency of gesture use. Examination of frequency of 
gesture use was important because there is a clear link between gestures and language 
development and given this, knowing the frequency of use of gestures has the potential to 
be used clinically to identify a delay in language at an early age. If this identification can 
occur, children can obtain needed language intervention at an earlier age and early 
intervention is know to be associated with better language outcomes.    
The results presented in this section are specifically related to frequency of gesture 
use. As you will see, the current study provided data related to mean frequencies which 
was previously not available in the literature.  Additionally, differences in frequency of 
gesture use between structured and unstructured settings and differences in frequencies 
of gesture use between children 9-12 and 12-15 months of age were found.  These 
findings contribute significantly to the current knowledge base surrounding gestures and 
have the potential to be used clinically in early identification of language delays.    
 This portion of the discussion section will examine the results associated with the 
following research questions: 1) what is the average total frequency and frequency of 
different types of gestures for typically developing children 9-12 months of age, 2) what 
is the average total frequency and frequency of different types of gestures for typically 
developing children 12-15 months of age, 3) is there a difference in total frequency of 




is there a difference in frequency of different types of gestures between typically 
developing children 9-12 and 12-15 months of age.  The results associated with these 
research questions have been summarized in Tables 23 and 24.  For ease of discussion, 
this portion has been divided into three sections: 1) mean frequencies, 2) structured and 



























Mean Frequencies, Descriptive Statistics, and Results of Dependent t-tests Comparing 
the Means obtained in the Unstructured and Structured Settings 
 9-12 months  12-15 months  
 Unstructured Structured t-test Unstructured Structured t-test 
TF       
M 1.82 3.41 26.10** 2.43 4.35 8.16** 
SD 1.01 1.32  1.20 1.66  
Range 0.30-4.53 1.11-7.50  0.67-4.93 2.13-6.96  
BR      
M 1.17 2.42 9.14** 1.67 2.82 6.92** 
SD 0.64 0.89  0.92 1.00  
Range 0.2-2.6 0.60-4.47  0.33-3.40 1.20-5.23  
SI      
M 0.27 0.49 4.77** 0.34 0.67 3.55** 
SD 0.47 0.31  0.30 0.41  
Range 0-2.40 0.04-1.27  0-0.93 0.11-1.53  
JA       
M 0.36 0.44 0.73 0.41 0.61 2.90** 
SD 0.33 0.41  0.25 0.38  
Range 0-1.20 0-2.10  0-0.93 0-1.60  
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interaction 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 









Descriptive Statistics and Independent t-test Results Comparing Children 9-12 and 12-15 
Months of Age  





Structured     
TF 3.42 (1.32) 4.35 (1.66) -2.30* 
BR 2.37 (0.86) 2.82 (1.00) -1.76 
SI 0.48 (0.30) 0.67 (0.41) 1.93 
JA 0.39 (0.29) 0.61 (0.38) 2.42* 
Unstructured     
TF 1.82 (1.01) 2.43 (1.20) 1.98* 
BR 1.16 (0.66) 1.67 (0.92) -2.17* 
SI 0.17 (0.21) 0.34 (0.30) -2.43* 
JA 0.36 (0.34) 0.41 (0.25) 0.62 
*p<.05; **p<.01 
Note. M=mean. SD=standard deviation. TF=total frequency of gestures used.  
BR=frequency of behavior regulation gestures used. SI=frequency of social interaction 
gestures used.  JA=frequency of joint attention gestures used.  All frequencies are 






This portion of the discussion is related to the research questions addressing the mean 
total frequency of gesture use and the frequencies of different types of gestures used by 
typically developing children 9-12 and 12-15 months of age.  It was hypothesized that 
children would present with unique total frequencies and frequencies of different types of 
gestures in each range.  The results of frequency of gesture use in this study found a mean 
total frequency and mean frequencies of different types of gestures used by children in 
both age ranges for structured and unstructured settings. To my knowledge, these mean 
frequencies have not previously been investigated.  It is significant to find these means 
because they provide fundamental knowledge related to the frequency of gesture use at 
specific ages.  Additionally, this information has the potential to be used in the early 
identification of language delays.  Now that the mean frequencies of these gestures have 
been established in typically developing children, clinicians can identify mean 
frequencies of gestures used by their patients and use this information to determine 
whether or not patients are evidencing a frequency/frequencies within normal limits when 
compared to same aged peers.    
The only study to examine the frequency of prelinguistic communication in a similar 
population was conducted by Wetherby et al. (1988) who examined the frequencies of 
communicative acts, which include a combination of vocalizations, verbalizations, and 
gestures used by children 11-27 months of age.  Results indicated that children less than 
12 months of age use approximately 1 communicative act per minute and children 




Findings in the present study indicate that in an unstructured setting children between the 
ages of 9-12 months have a mean total frequency of 1.82 gestures per minute and 
children between the ages of 12-15 months have a mean total frequency of 2.43 gestures 
per minute. The mean total frequency of gesture use in an unstructured setting in the 
present study was selected for comparison because it was most similar to the 
communicative acts measured by Wetherby et al. (1988).  
The results of the present study are relatively consistent with those reported by 
Wetherby et al. (1988); however an exact comparison between the two studies cannot be 
made because they measured a combination of gestures, verbalizations, and vocalizations 
while this study measured gestures in isolation.   Another difference between the current 
study and Wetherby et al. (1988) was that the measure of communicative acts in the 
Wetherby et al., (1988) study is a reflection of a combination of frequencies obtained in a 
structured and unstructured setting.  The present study measured the mean frequencies 
obtained in structured and unstructured settings separately.  
In addition to being consistent with the results of Wetherby et al. (1988), the 
results of the present study support previous findings associated with the development of 
the specific types of gestures examined in this study. Research examining the 
development of behavior regulation, social interaction, and joint attention gestures in 
typically developing children has found that behavior regulation and social interaction 
gestures emerge around the age of 9 months and that children will use all three types of 




results of the present study support these findings to the extent that the mean frequencies 
reflect the use of all three types of gestures within the 9-12 month age range. 
An interesting observation of the mean frequencies found in the present study is 
the large standard deviations and ranges (see Table 23).  This could be attributed to either 
individual variation or be a reflection of the age ranges, suggesting that they were too 
large.  This is an area in need of further investigation and will be discussed again in the 
directions for further research portion of the discussion. 
Structured and unstructured setting comparison. 
 This portion of the discussion presents results related to the differences in 
frequencies of gesture use between a structured and unstructured setting.  This was not an 
original research question; however during the data collection phase of the study, a 
difference in frequency of gesture use between the two settings was observed.  This 
observation was confirmed and results suggested that setting has a significant impact on 
frequency of gesture use.  More specifically, it was found that children 9-12 and 12-15 
months of age have significantly higher mean frequencies of gesture use in structured 
settings when compared to unstructured settings.  This is discussed below. 
To my best knowledge, the frequency of gesture use in different settings has not 
been previously investigated.  For all measures, total frequency, frequency of behavior 
regulation gestures, frequency of social interaction gestures, and frequency of joint 
attention gestures, in both age groups, the mean frequency of gesture use was lower in 
the unstructured setting than in the structured setting (see Table 23).  Additionally, with 




frequencies of gestures used in the unstructured setting were significantly lower than the 
frequencies of gestures used in the structured setting.   
It is believed that the differences in frequency of gesture use between the 
structured and unstructured settings are due to the nature of these settings.  During the 
structured setting, the child was encouraged to use gestures, which resulted in a higher 
frequency of gesture use in this setting. The lack of difference between the structured and 
unstructured setting observed for frequency of joint attention gestures in the 9-12 month 
age range can be attributed to the fact that these gestures typically emerge closer to 12 
months of age therefore even though they were elicited in the structured setting, children 
were not using them as much because they had not developed these types of gestures yet.   
This is not a surprising finding; however it speaks to the fact that clinicians should 
be cognizant of the setting in which observations are occurring when making 
determinations about a child’s use of gestures.  These findings suggest that more 
structured settings will elicit higher frequencies and unstructured settings will elicit 
lower frequencies and therefore different norms need to be utilized for each setting.  
Group comparisons.  
This section discusses the results related to the following research question: 1) is 
there a difference in total frequency of gesture use between typically developing children 
9-12 and 12-15 months of age and 2) is there a difference in frequency of different types 
of gestures between typically developing children 9-12 and 12-15 months of age.  It was 




total frequency of gesture use and frequencies of different types of gestures used with 
children in the 9-12 month age range having significantly lower total frequency of 
gesture use and frequencies of different types of gestures when compared to children in 
the 12-15 month age range.  Results found a significant difference between the two age 
ranges for total frequency of gesture use in both the structured and unstructured settings.  
Additionally, significant differences were found between the two groups for the 
frequency of joint attention gestures in structured setting and frequencies of behavior 
regulation and social interaction gestures in an unstructured setting.   
Differences in frequency of gesture use between children 9-12 months of age and 
children 12-15 months of age is another area that has not been previously investigated.  It 
is well established that between 12 and 36 months of age, children are known to 
experience an exponential increase in intentional communication (Paul, 2007; Reed, 
2012).   Results of the present study are consistent with knowledge surrounding the 
increase of intentional communication between 12 and 36 months.  We found that 
children in the 9-12 month age range had lower frequencies of gesture use for all 
measures including total frequency, frequency of behavior regulation gestures, frequency 
of social interaction gestures, and frequency of joint attention gestures in both the 
structured and unstructured settings when compared to children in the 12-15 month age 
range.  However frequencies were not significantly lower in the 9-12 month age range for 
all measures.  Significant differences were found between the two age ranges for total 
frequency of gesture use in both the structured and unstructured settings, for frequency of 




gestures in the unstructured setting, and for frequency of social interaction gestures in 
the unstructured setting (see Table 25). 
These findings suggest that in a structured setting, total frequency of gesture use 
and frequency of joint attention gesture use is lower in children 9-12 months of age than 
in children 12-15 months of age.  There was not a significant difference between the two 
groups for frequency of behavior regulation or frequency of social interaction gestures. 
A difference between the two age groups may not have been apparent for behavior 
regulation gestures and social interaction gestures for two reasons.  First, these gesture 
types emerge around the age of 9 months and children in both age ranges have acquired 
the use of these gestures.  Second, in the structured setting observation children in both 
age groups were provided with equal opportunities to use all gesture types therefore, you 
would expect them to use these gestures equally.  The difference between the two groups 
in frequency of Joint attention gestures can be attributed to the fact that this gesture type 
does not typically emerge until closer to 12 months of age. Therefore in a structured 
setting, even though children in both age ranges were encouraged to use this type of 
gesture equally, the children in the 9-12 month age range have a lower frequency of use 
because this gesture type is still emerging. 
The findings of this study also suggest that in an unstructured setting, children in 
the 9-12 month age range have lower frequencies of gesture use than children in the 12-
15 month age range for the following gesture types: behavior regulation and social 
interaction.  These findings support the established knowledge of an increase in 




2007; Reed, 2012).   A significant difference was not found between the two age ranges 
for frequency of joint attention gestures.  It is not clear why an increase in frequency in 
the 12-15 month age range was not found; however this finding may be attributed to the 
nature of the settings.  More specifically, the set-up of both the structured and 
unstructured observations may have not required children to use many joint attention 
gestures because attention was already being shared.  This is an are in need of further 
investigation.   
Summary. 
This portion of the discussion was related to the findings of the present study 
associated with frequency of gesture use.  More specifically results related to the mean 
frequencies, the differences in frequencies of gesture use in the structured and 
unstructured settings, and the differences in frequency of gesture use between the age 
ranges were discussed.  These findings were unique with respect to the current state of 
the literature in that we examined frequencies of specific types of gestures that had not 
been previously investigated.  Mean frequencies for these gestures were identified and it 
was found that the mean frequencies are different dependent upon both setting and age.  
More specifically, children in the 9-12 month age range had lower frequencies of gesture 
use when compared to children in the 12-15 month age range and children were found to 
use gestures less frequently in an unstructured setting when compared to a structured 






Discussion of the Association Between Frequency of Gesture Use and Language 
Introduction. 
 The association between the frequency of gesture use and language was another 
primary focus of this project. To my knowledge, previous research has not examined this 
specific association.  The previous section discussed findings related to the mean 
frequencies of gesture use and, as was shown, mean frequencies of different gesture types 
were established in this study.  In this section, I discuss the association between these 
mean frequencies and language. Understanding this relationship is important because if a 
relationship can be established, these frequencies can then be used to detect language 
delays at an early age.  As stated previously, early identification leads to early 
intervention, which is associated with better language outcomes.    
The results discussed in this section are specifically related to the association between 
the frequency of gesture use and language. As you will see, the current study provided 
unique findings with regard to this relationship.  These findings contribute significantly 
to the current knowledge base surrounding gestures and have the potential to be used 
clinically in early identification of language delays.    
This portion of the discussion section will examine the results associated with the 
following research questions: 1) can receptive language and/or expressive language 
scores be predicted from total frequency of gestures used or frequency of different types 
of gestures used by typically developing children 9-12 months of age and 2) can receptive 
language and/or expressive language skills be predicted from total frequency of gesture 




15 months of age.  The results are summarized in Table 25.  For ease of discussion, this 
portion has been divided into two sections: 1) gesture frequency and language association 







Association Between Frequency of Gesture Use and Language Results 
 
Predictor Receptive Language  Expressive Language  
9-12 Months   
Structured Setting   
• TF Adjusted R2=0.03 
F(1,31)=2.00, p=0.17  














• JA B=3.36 
t(29)=0.67, p=0.51 
Adjusted R2=0.18** 
F (1,31)=8.17, p=0.01 
B=6.85 
Unstructured Setting   
• TF Adjusted R2=0.01 
F(1,31)=1.22, p=0.28   
Adjusted R2=-0.03  
F(1,31)=0.02, p=0.89   
 





• SI Adjusted R2=0.13** 









12-15 Months   
Structured Setting   
• TF Adjusted R2=-0.05  
F(1,20)=0.01, p=0.94 
 
Adjusted R2=0.10  
F(1,20)=3.27, p=0.09.   
• BR B=1.14 
t(20)=-0.83, p=0.42 
Adjusted R2=0.24** 
F (1,19)=7.27, p=0.01  
B=4.04.  
  









Unstructured Setting   
• TF Adjusted R2=-0.04 
F(1,20)=0.17, p=0.68 
 
Adjusted R2=0.08  
F(1,20)=2.76, p=0.11.    
• BR B=-1.15 
t(20)=-0.80, p=0.44 
Adjusted R2=0.19* 
F (1,19)=5.55, p=0.03.  
B=3.98 
  
• SI Adjusted R2=0.18 











Note. TF=total frequency. BR=behavior regulation. SI=social interaction.  JA=joint attention.  Significant findings and p values 




Gesture frequency and language association at 9-12 months 
This section discusses results related to the following research question: can 
receptive language and/or expressive language skills be predicted from total frequency of 
gesture use or frequency of different types of gestures used in typically developing 
children 9-12 months of age.  It was hypothesized that both the total frequency and the 
frequencies of the different types of gestures would be predictive of expressive language 
abilities, but not receptive language abilities. With regard to the present study, two 
significant findings were made. First, in the 9-12 month age frequencies of specific types 
of gestures are significantly related to expressive language scores.  Second, frequency of 
social interaction gestures in an unstructured setting is significantly related to receptive 
language scores. These two results will be discussed in turn. 
Regarding expressive language, the present study found that specific types of 
gestures are significantly related to expressive language scores.  Specifically, total 
frequency of gesture use and frequency of joint attention gestures in a structured setting 
were found to explain a significant proportion of the variation in expressive language 
scores.  Although this was the first study examining the relationship between frequency 
of gesture use and language, these findings do support the findings of two previous 
studies that have examined the relationship between early childhood communication and 
expressive language skills.   
The first study, conducted by Wetherby et al. (1988), found that there was a 
significant positive correlation between measures of expressive language and rate of 
communicative acts in children less than 12 months of age.  An exact comparison 




made because the present study examined gestures in isolation whereas Wetherby et al. 
(1988) examined a combination of gestures, verbalizations, and vocalizations; however, 
both studies found a positive relationship between frequencies of early childhood 
communication, including gestures, and expressive language. 
The second study, conducted by Thal et al. (1997) found that late talking children 
tend to have fewer total gestures when compared to early talking children.  Once again, 
an exact comparison cannot be made between the present study and Thal et al. (1997) 
because the present study measured frequencies of gestures and Thal et al. (1997) 
measured types of gestures; however both studies support a significant link between the 
use of gestures and the acquisition of expressive language abilities. 
The present study found associations between expressive language and frequency 
of gesture use only in the structured setting for children in the 9-12 month age range.  In 
the unstructured setting, none of the variables of interest were significantly related to 
expressive language skills. These findings suggest, that in the 9-12 month age range, 
frequency of gesture use should be obtained in a structured setting if one is interested in 
drawing conclusions about a child’s language abilities.   
Regarding receptive language, it was hypothesized that an association between 
frequencies of gesture use and receptive language scores would not be indicated in the 
present study.  This hypothesis was supported for the most part, as seven of the eight 
variables of interest were not predictive of receptive language scores, however frequency 
of social interaction gestures in an unstructured setting was found to be significantly 
related to receptive language scores.   The exact nature of this relationship is not 




is related to receptive language scores because in order to appropriately utilize gestures 
for the function of social interaction, one must have begun to developed pragmatic and 
theory of mind abilities, both of which are significantly related to ones receptive 
language abilities. 
The finding of the relationship between frequency of social interaction gestures in 
an unstructured setting and receptive language score is not clear.  It is also not clear why 
frequencies of some types of gestures were significantly related to expressive language 
scores, but frequencies of other types were not.  For example, in a structured setting, total 
frequency of gesture use and frequency of joint attention gestures were found to be 
significantly related to expressive language scores, but frequencies of behavior 
regulation and social interaction gestures were not.   These are both areas in need of 
further investigation and studies more finely tuned to individual gesture types may help 
to delineate these findings.  However, I have established that there is a relationship 
between frequencies of gesture use and language that has not been previously found.  
Gesture frequency and language association at 12-15 months 
This section discusses results related to the following research question: can 
receptive language and/or expressive language skills be predicted from total frequency of 
gesture use or frequency of different types of gestures used in typically developing 
children 12-15 months of age.  It was hypothesized that both the total frequency and the 
frequency of the different types of gestures would be predictive of receptive and 
expressive language skills.  Similar to the findings associated with children 9-12 months 
of age, two significant findings were found in the 12-15 month age range.  First, 




language scores.  Second, frequency of social interaction gestures in an unstructured 
setting were found to be significantly related to receptive language scores.  These 
findings will be discussed respectively.   
With regard to expressive language, the present study found that frequencies of 
specific types of gestures are predictive of expressive language abilities.  More 
specifically in the structured setting, frequency of behavior regulation gestures was the 
only significant predictor of expressive language scores; however total frequency of 
gesture use was nearing significance (p=0.10).   In the unstructured setting, the 
relationship between total frequency of gesture use and expressive language was nearing 
significance (p=0.11) and the frequency of joint attention gestures was significantly 
related to expressive language scores, however this relationship was negative.   
The negative relationship between frequency of joint attention gestures and 
expressive language scores in an unstructured setting was surprising.   The exact nature 
of this relationship is not completely understood.  However, it is possible that relationship 
exists because children in the 12-15 month age range should begin using words, an 
expressive language ability, to direct another’s attention. An increased frequency of joint 
attention gestures at 12-15 months may indicate that an individual is not acquiring words 
at an adequate pace, resulting in the negative relationship between frequency of joint 
attention gestures and expressive language at this age.   
Similar to the findings discussed for children in the 9-12 month age range, the 
findings of relationships between expressive language and frequencies of specific 
gestures in children 12-15 months of age also support the studies conducted by Wetherby 




these studies and the present study as all examined different variables; however, the 
findings of all three studies support the presence of a link between gesture use and 
expressive language. 
Interestingly, with regard to receptive language, the frequency of social 
interaction gestures in an unstructured setting was found to be significantly related to 
receptive language scores.  It was hypothesized that frequency of gesture use would not 
be significantly related to receptive language scores. This same finding was present in 
children 9-12 months of age as well. As was stated when discussing the results obtained 
for children 9-12 months of age, the exact nature of this relationship is not completely 
clear; however it is possible that the frequency of social interaction gestures is related to 
receptive language scores because in order to appropriately utilize gestures for the 
function of social interaction, one must have begun to developed pragmatic and theory of 
mind abilities, both of which are significantly related to ones receptive language abilities. 
The finding of the relationship between frequency of social interaction gestures in 
an unstructured setting and receptive language scores and the negative relationship 
between frequency of joint attention gestures and expressive language scores are both 
areas in need of further investigation.  Additionally, similar to results obtained in the 9-12 
month age range, it is also not clear as to why frequencies of some types of gestures were 
predictive of expressive language abilities and others were not.  However, the current 
study has demonstrated a link between frequency of gesture use and language abilities.  
Additional studies are necessary to gain a better understanding of the relationship 






This portion of the discussion was related to the findings in the present study 
associated with the relationship between frequency of gesture use and language in 
children 9-12 and 12-15 months of age.  Results indicate that specific frequencies of 
gesture use are indicative of expressive language scores and frequency of social 
interaction gestures in an unstructured setting is indicative of receptive language scores. 
Previous investigations have examined the relationship between gestures and language; 
however, the specific relationship between frequency of gesture use and language has not 
been previously investigated, making the findings of the present study unique.  The 
demonstrated links between the frequency of gesture use and language now make it 
possible for frequency of gesture use to be utilized in prediction of language abilities at 






The results of the present study have four major clinical implications.  First, this study 
provided the mean total frequency and the mean frequencies of behavior regulation, 
social interaction, and joint attention gestures.  These results provide clinicians with 
valuable knowledge related to typical development and can be used as milestones to 
identify typical development in children 9-12 and 12-15 months of age.   
Secondly, this study found that setting has a significant impact on frequency of 
gesture use.  More specifically, results indicated that children use more gestures in 
structured settings than in unstructured settings.  Clinicians should consider these results 
prior to engaging in observations of young children’s communicative abilities and be 
cognizant of the differences in mean frequencies between structured and unstructured 
settings when drawing conclusions related to these observations as different means of 
comparison should be used. 
Third, this study found that there is a significant difference in frequency of gesture 
use between children 9-12 months of age and 12-15 months of age.  Therefore, when 
interpreting frequency of gesture use obtained for patients within these age ranges, 
clinicians should be using different norms dependent upon age.  For example, if a 
clinician has a patient 10 months of age, the mean frequency obtained for children in the 
9-12 month age range should be utilized as a means of comparison and not the mean 
frequency of gesture use for children in the 12-15 month age range.  Failure to use the 





Finally, this study found that in both age ranges, specific frequencies are indicative of 
expressive language scores.  This information provides clinician with the ability to use 
the mean frequencies of gesture use found in the present study to draw conclusions about 
a child’s current language abilities.  For example, a clinician can determine the mean 
frequency of gesture use of a patient and compare this to the mean frequency for his or 
her age group.  This comparison can then be used draw conclusions about the patients 
current expressive language abilities based upon how far above or below the mean their 
patients frequency of gesture use falls. This finding allows clinicians to identify possible 
language delays at an early age, resulting in early intervention that is known to be 





Limitations of the Present Study 
The present study presents with certain limitations that warrant discussion.  The 
first limitation is the sample size of the present study. Although the sample size was 
adequate for all analyses conducted, given the number of different variables investigated, 
a larger sample size would have been more appropriate and provided results that are more 
generalizable to the population. Additionally, a larger sample size would have allowed 
for the investigators to control for specific variables known to be related to language 
skills during the regression analysis.  These specific variables include gender, 
socioeconomic status, and sibling status.  The investigator of the present study was 
unable to control for these variable due to a small sample size.   
 A second limitation of the present study is related to the diversity of the sample of 
participants.  The sample of participants in the present study is representative of primarily 
white, middle class families.  Therefore, results of this study are also representative of 
these demographics and one should be cautious when interpreting these results with 
respect to other races and socioeconomic statuses.  
A final limitation of the present study is that this project may have been too ambitious 
with regard to the number of different variables examined.  This limitation is significant 
for two reasons.  First, as was alluded to previously, when the numbers of variables 
examined in a study is increased, the necessary sample size must increases as well in 
order to obtain representative results.  The sample size of the present study is not felt to 
be large enough to account for the number of variables.  A power analysis is necessary in 




each variable in detail, therefore the findings of this study are more general.  Additional 





Directions for Further Research 
 Further research in the areas of frequency of gesture use and the association 
between frequency of gesture use and language are necessary.  Specific areas in need of 
further research include the following:  
1. Close examination of the relationship between frequencies of behavior regulation, 
social interaction, and joint attention gestures and language. 
2. Research examining the difference between frequency of gesture obtained by 
parent report and direct observation. 
3. Analysis of the relationships between frequency of gesture use and gender, 
socioeconomic status, sibling status, and/or culture. 
4. Examination of the frequency of gesture use and the relationship between the 
frequency of gesture use and language in children older than 15 months. 
5. Research investigating if frequency of gesture use is impacted by the interactant 
(e.g. parent vs. investigator, male vs. female). 
6. Investigation of the location of data collection to determine if location has an 
impact on frequency of gestures use (e.g. home vs. clinic vs. day care). 
7. Examination of the relationship between motor and social-emotional skills and 









 The purpose of this study was to investigate the frequencies of specific gestures 
and to examine the relationship between the frequencies of these gestures and language.  
Results of the study provided mean total frequencies and frequencies of behavior 
regulation, social interaction, and joint attention gestures for children 9-12 months of age 
and children 12-15 months of age.  Additionally, this study established a relationship 
between frequencies of specific types of gestures and language. 
 The findings of this study are unique with respect to the current state of the 
literature.  To my knowledge, previous studies have not investigated the frequencies of 
behavior regulation, social interaction, and joint attention gestures nor has the 
relationship between frequency of gesture use and language been established.   
 Establishing these mean frequencies and the relationship between these 
frequencies and language has not only contributed to the knowledge base associated with 
the use of gestures in typical development, but these findings also have many clinical 
implications.  The results of the present study provide clinicians with milestones of 
typical development and the results can be utilized by clinicians to more accurately 
observe and interpret findings associated with observations of gesture use in young 
children. Additionally, frequency of gesture use can now be used to gauge language 
skills, a finding which has the potential to positively impact the lives of children with 
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To Whom It May Concern: 
 
__________________________________ has agreed to participate in the study being 
conducted by Dr. Debra C. Vigil at the University of Nevada, Reno.  It is my 
understanding that the project will involve typically developing children between the 
ages of 9 months and 15 months.  These children will be administered a norm-referenced 
assessment and a video sample of them will be obtained.  The results of this study have 
the potential to provide researchers and clinicians with information pertaining to typical 
development and have the potential to contribute to early identification of individuals 
with language delays and associated developmental disabilities.   
 















Appendix D: Information sheet. 




Appendix E: Consent to participate. 
University of Nevada, Reno 
Social Behavioral Research Consent Form 
 
Title of Study:   The Use of Gestures in Typically Developing Children 9-15 
Months of Age 
Principle 
Investigator: 
Debra C. Vigil, Ph.D., M.S., CCC-SLP; 775-784-4887;  
Co-Investigators / 
Study Contact: 
Jessica Stewart, M.S., CCC-SLP; 775-784-4887 
Study ID Number: 747039-3 
Sponsor: N/A 
Introduction 
Before you agree to allow your child to participate in this study, please take time to read 
this form. It explains why we are preforming this study; and the procedures, risks, 
discomforts, benefits and precautions involved. This form may use words that you do not 
understand. Please ask the researchers to explain anything that you do not understand. 
 
Please be completely truthful about your child’s eligibility to be in this study. If you are 
not truthful, the results obtained from this study may be invalid. 
 
Your child does not have to participate in this study. His or her participation is 
completely voluntary. 
 
Take as much time as you need to decide if you would like to allow your child to 
participate in this study. If you say yes now but change your mind, you may quit the 







Why are we doing this study? 
We are preforming this study to learn about the use of gestures and the relationship 
between gesture use and language in 9-15 month old children.   
Why are we asking your child to be in this study? 
We are asking your child to be in this study because you have a child between the ages of 
9 months and 15 months. 
What happens if you agree to allow your child to be in the study? 
If you agree to allow your child to be in this study you will be asked to provide basic 
background information pertaining to you and your child (e.g. ethnicity, gender, 
socioeconomic status), and your child’s current level of functioning in the following 
areas will be assessed by a licensed Speech and Language Pathologist: Visual Perception, 
Gross Motor, Fine Motor, Receptive Language, and Expressive Language.  Subsequent to 
this, a videotape will be obtained of your child interacting with a HIPPA and CITI 
certified research assistant or licensed speech and language pathologist.  The length of the 
video recording will be 30 minutes.  The first 15 minutes will consist of an unstructured 
observation.  During this segment, your child will be allowed free access to selected toys 
and his or her intentional commnication with the research assistant or speech and 
language pathologist will be observed.  The second 15 minutes will consist of a 
structured observation.  During this segment, your child will be presented with a specific 
sequence of structured activities by the research assistant or speech and language 
pathologist.  This sequence of structured activities is designed to encourage the use of 
different forms of intentional communication.  Both segments of the 30 minute video 
recording will be used to determine the type and rate of gestures used by your child. 
How long will you be in the study? 
The study will take about 1 hour and 30 minutes of your time; Your child will be seen on 
two separate occasions within the time span of 2 weeks. 
What happens if you do not want to be in the study? 
Nothing will happen if you decide you do not want your child to be in this study.  
Is there any way being in this study could be bad for you? 
If you agree to be in this study, you may experience discomfort when an unfamiliar 
individual is in your home and/or interacting with your child.  Additionally, should your 
child perform below average on any areas assessed you will be notified of this, which can 
cause distress.  All efforts will be made to ensure that you and your child are as 




functioning in any area, a licenced Speech and Language Pathologist will provide with 
you appropriate referals and information. 
Will being in this study help you in any way? 
Being in this study may not help you but you will be informed as to whether or not your 
child is functioning within normal limits in the following areas: Visual Perception, Gross 
Motor, Fine Motor, Receptive Language, and Expressive Language. 
Benefits of doing research are not definite; however, we hope to learn about the different 
types and rate of gestures used by typically developing children.  This information can 
then be used to identify children with delays at much younger ages than professionals are 
currently capable of. 
How will we protect your private information and the information we collect about 
you? 
We will treat your identity with professional standards of confidentiality and protect your 
private information to the extent allowed by law. We will do this by replacing personal 
information with codes.  The list liking participant names and the codes weill be stored 
securely and separately from the research data.  All research data will be stored on a 
secure network server, a stand-alone password-protected desktop/laptop, a password 
protected Electronic Portable Device, and a facility with password-protected access.  All 
portable electronic files, laptop/desktop, or paper will be stored in a locked file cabinet. 
We will not use your name or other information that could identify you in any reports or 
publications that result from this study. 
Who will know that you are in in this study and who will have access to the 
information we collect about you? 
The researchers, the US Department of Health and Human Services (DHHS), the 
University of Nevada, and Reno Social Behavioral Institutional Review Board will have 
access to your study records. 
Mandatory Reporting 
By law, we must notify the authorities if we find or suspect child abuse. 
Will it cost you anything to be in the study? 
There will be no costs to you to be in the study.  
Will you be paid for being in this study? 
You will not receive any payment for being in this research study; however, your child 
will receive a comprehensive assessment of his or her Visual Perception, Gross Motor, 
Fine Motor, Receptive Language, and Expressive Language skills, free of charge, by a 




What happens if you agree to be in the study now, but change your mind later? 
You do not have to stay in the study. You may withdraw from the study at any time by 
contacting the investigators via e-mail or telephone: 
• Debra C. Vigil, Ph.D, M.S., CCC-SLP: (775) 784-4887, 
dvigil@medicine.nevada.edu 
• Jessica R. Stewart, M.S., CCC-SLP: (775) 784-4887, 
jstewart@medicine.nevada.edu  
What if the study changes while you are in it? 
If anything about the study changes or if we use your data in a different way, we will tell 
you and ask if you if you want to stay in the study. We will also tell you about any 
important new information that may affect your willingness to stay in the study. 
Who can you contact if you have questions about the study or want to report an 
injury? 
At any time, if you have questions about this study or wish to report an injury that may be 
related to your participation in this study, contact Dr. Debra Vigil or Jessica Stewart by 
calling (775) 784-4887 or send an email to one of the folowing addresses: 
dvigil@medicine.nevada.edu and jstewart@medicine.nevada.edu.  
Who can you contact if you want to ask about your rights as a research participant? 
You may ask about your rights as a research participant or talk (anonymously if you 
choose) to the University of Nevada, Reno Social Behavioral Institutional Review Board 






Agreement to be in study 
If you agree to be in the study, please sign this document. We will give you a copy of the 
document to keep. 
 
By signing the document you are saying: 
• You agree to be in this study. 
• We talked with you about the information in this document and answered all of 
your questions. 
 
You know that: 
• You may skip questions you do not want to answer.  
• You may stop participating in the research at any time.  
• You may call the University office in charge of research at (775) 327-2368 if you 
have any questions about the study or about your rights. 
 
 
Participant’s Name Printed   
   
Signature of Participant Parent/Guardian  Date 
   





Appendix F: Video consent. 
 
University of Nevada, Reno 
Social/Educational Video Release Form 
 
Title of Study: The Use of Gestures in Typically Developing Children 9-
15 Months of Age 
Principle Investigator: Debra C. Vigil, Ph.D., M.S., CCC-SLP; 775-784-4887 
Co-Investigators: Jessica Stewart, M.S., CCC-SLP; 775-784-4887 
IRB Number: 747039-3 
Sponsor: N/A 
 
Video recordings of your child will be obtained during his/her participation in this 
research project. Please indicate below how we may use his or her videos. Agreeing to 
allow your videos to be used for research is completely voluntary and up to you. In any 
use of your videos, your name will not be disclosed. 
 
For all uses to which you agree, please initial in the spaces provided in the following 
table: 
Initials Uses 
 1. The videos may be studied by the research team for this research project. 
 2. The videos may be used for scientific publications. 
 3. The videos may be used at meetings of scientists interested in the study of 
prelinguistic and early communication of typically developing children. 
 4. The videos may be used in classrooms to teach students about prelinguistic 
and early communication of typically developing children. 







You have the right to request that the recording be stopped or erased at any time. 
 
By signing below, you are agreeing that you have read the above description and give 
your consent for the uses of your videos as indicated by your initials. 
 
Participant’s Name Printed   
   
Signature of Participants Parent/Legal Guardian  Date 
   




Additionally, we would like to save your child’s video recordings after completion of this 
study for possibe expansion of this study and for educational purposes.   If you aggree to 
allow us to save your child’s video recording for these purposes, please sign below. 
 
 
Participant’s Name Printed   
   
Signature of Participants Parent/Legal Guardian  Date 
   



































































































































































































































Appendix N: Assumption testing and SPSS outputs for dependent t-test assessing difference in 
total frequency of gestures in an unstructured setting compared to a structured setting for children 









Appendix O: Assumption testing and SPSS outputs for dependent t-test assessing difference in 
frequency of different types of gestures in an unstructured setting compared to a structured 

















Appendix P: Assumption testing and SPSS outputs for dependent t-test assessing difference in 
total frequency of gestures in an unstructured setting compared to a structured setting for children 







Appendix Q: Assumption testing and SPSS outputs for dependent t-test assessing difference in 
frequency of different types of gestures in an unstructured setting compared to a structured 












Appendix R: Assumption testing and SPSS outputs for independent t-test assessing difference in 










Appendix S: Assumption testing and SPSS outputs for independent t-test assessing difference in 
frequency of different types of gestures used in a structured setting between children 9-12 and 














Appendix T: Assumption testing and SPSS outputs for independent t-test assessing difference in 
total frequency of gesture used in an unstructured setting between children 9-12 and 12-15 








Appendix U: Assumption testing and SPSS outputs for independent t-test assessing difference in 
frequency of different types of gestures used in an unstructured setting between children 9-12 and 














Appendix V: Assumption testing and SPSS outputs for simple linear regression for prediction of 
receptive language scores from total frequency of gesture use in a structured setting for children 













Appendix W: Assumption testing and SPSS outputs for simple linear regression for prediction of 
expressive language scores from total frequency of gesture use in a structured setting for children 












Appendix X: Assumption testing and SPSS outputs for simple linear regression for prediction of 
receptive language scores from total frequency of gesture use in an unstructured setting for 


















Appendix Y: Assumption testing and SPSS outputs for simple linear regression for prediction of 
expressive langauge scores from total frequency of gesture use in an unstructured setting for 
















Appendix Z: Assumption testing and SPSS outputs for multiple regression for prediction of 
receptive language scores from frequency of different types of gesture use in a structured setting 














Appendix AA: Assumption testing and SPSS outputs for multiple regression for prediction of 
expressive language scores from frequency of different types of gesture use in a structured setting 












Appendix BB: Assumption testing and SPSS outputs for multiple regression for prediction of 
receptive language scores from frequency of different types of gesture use in an unstructured 





















Appendix CC: Assumption testing and SPSS outputs for multiple regression for prediction of 
expressive language scores from frequency of different types of gesture use in an unstructured 















Appendix DD: Assumption testing and SPSS outputs for simple linear regression for prediction 
of receptive language scores from total frequency of gesture use in a structured setting for 












Appendix EE: Assumption testing and SPSS outputs for simple linear regression for prediction of 
expressive language scores from total frequency of gesture use in a structured setting for children 











Appendix FF: Assumption testing and SPSS outputs for simple linear regression for prediction of 
receptive language scores from total frequency of gesture use in an unstructured setting for 











Appendix GG: Assumption testing and SPSS outputs for simple linear regression for prediction 
of expressive language scores from total frequency of gesture use in an unstructured setting for 














Appendix HH: Assumption testing and SPSS outputs for multiple regression for prediction of 
receptive language scores from frequency of different types of gesture use in a structured setting 













Appendix II: Assumption testing and SPSS outputs for multiple regression for prediction of 
expressive language scores from frequency of different types of gesture use in a structured setting 

















Appendix JJ: Assumption testing and SPSS outputs for multiple regression for prediction of 
receptive language scores from frequency of different types of gesture use in an unstructured 


















Appendix KK: Assumption testing and SPSS outputs for multiple regression for prediction of 
expressive language scores from frequency of different types of gesture use in an unstructured 
setting for children 12-15 months of age. 
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